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NASA PILOT PROGRAM 
FINAL REPORT 
Engineering educa tors  and p r a c t i c i n g  engineers  a l i k e  have d i f f i c u l t y  
i n  keeping a b r e a s t  of  new technology with t h e  ra te  a t  which it i s  being c r e a t e d  
i n  r e sea rch  and development l a b o r a t o r i e s  throughout  t h e  world. If every ind iv id -  
u a l  had t h e  t ime t o  sea rch  through research  r e p o r t s  documenting t h e  new tech-  
nology and t o  g lean  f o r  himself  t h e  information t h a t  he could use ,  t h e r e  would 
be no problem, 
review a l l  documents being produced, but a l s o  it i s  a very i n e f f i c i e n t  use of 
t h e  w l i i a b l e  time of  engineers  and teachers .  
Not only i s  it phys ica l ly  impossible  f o r  each i n d i v i d u a l  t o  
The NASA P i l o t  Program has been conducted a t  Oklahoma S t a t e  Univers i ty  
over  a f i f t e e n  month pe r iod  ending August 31, 1967,  with an o b j e c t i v e  o f  provid- 
ing  up-to-date i n s t r u c t i o n a l  m a t e r i a l  der ived  from c u r r e n t  r e sea rch  as r a p i d l y  
and as e f f i c i e n t l y  as p o s s i b l e  t o  f a c u l t y  members engaged i n  teaching .  A s e n i o r  
au thor  who i s  a r e c e n t  textbook au thor  or a recognized a u t h o r i t y  i n  h i s  f i e l d  
has  provided t h e  guidance f o r  a sys temat ic  s ea rch  o f  t h e  l i t e r a t u r e ,  a selec- 
t i o n  of appropr i a t e  material i n  h i s  sub jec t  area f o r  educa t iona l  use, and a 
p repa ra t ion  of  a w r i t t e n  Monograph f o r  use as supplementary m a t e r i a l  i n  t h e  
classroomo 
s u b j e c t  a r e a s  o f  hea t  t r a n s f e r ,  thermodynamics, and c o n t r o l  systems. These 
Monographs were prepared from resea rch  documents produced through NASA resea rch  
e f f o r t s ,  
A t o t a l  of  1 7  Monographs have been w r i t t e n  i n  t h r e e  d i f f e r e n t  
A Monograph i s  descr ibed  as a t e c h n i c a l  paper  p r i m a r i l y  based on one 
o r  more NASA r e sea rch  r e p o r t s  and commonly supplemented by o t h e r  m a t e r i a l  and 
1s designed t o  supplement textbook and class no te  material i n  a course  of 
i n s t r u c t i o n ,  Th9 m a t e r i a l  i s  s u f f i c i e n t l y  complete t o  be  used by t h e  t e a c h e r  
I n  one t o  t h r e e  class pe r iods  without  undue r e f e r e n c e  work on h i s  p a r t .  
p o s s i b l e ,  t h e  Monograph con ta ins  and develops only  one c e n t r a l  idea .  
instructor’s guide o r i e n t s  t h e  i n s t r u c t o r  on how t o  use t h e  Monograph and 
t h e  p r e r e q u i s i t e s  and t e c h n i c a l  s i g n i f i c a n c e  t o  be expected. 
Where 
An 
A second facet o f  t h e  NASA P i l o t  Program has  been t h e  eva lua t ion  of 
Visua l  B r i e f s  genera ted  i n  NASA resea rch  c e n t e r s .  
ano the r  dimension t o  t h e  l e a r n i n g  process  by provid ing  v i s u a l  in format ion  n o t  
r e a d i l y  presented  by w r i t t e n  material a lone.  
t h e  Visua l  B r i e f s  u sua l ly  were produced as a p a r t  o f  t h e  a n a l y s i s  process  i n  
a research program and were thus  a v a i l a b l e  f o r  use i n  an educa t iona l  format 
as w e l l ,  
assembled Visual  Briefs from t h e  NASA Western Support  Office and then  incor -  
po ra t ed  2 1  of them i n t o  t h e  same disseminat ion and eva lua t ion  program developed 
f o r  t e s t i n g  t h e  Monographs being generated a t  both Oklahoma S t a t e  Univers i ty  
and Vi rg in i a  Poly technic  I n s t i t u t e .  
The Visua l  Briefs add 
The v i s u a l  materials used i n  
The NASA P i l o t  Program a t  Oklahoma S t a t e  Univers i ty  obta ined  t h e  
1 
2 
The i n i t i a l  experience i n  producing and us ing  Monographs t o  reduce t h e  
time between discovery of s p e c i f i c  s c i e n t i f i c  and eng inee r ing  in fo rma t ion  and 
i t s  use i n  t e c h n o l o g i c a l  development (and perhaps p reven t  t h e  l o s s  o f  t h e  
m a t e r i a l  f o r  f u r + h e r  use a l t o g e t h e r )  has been most encouraging. A s u f f i c i e n t  
number of r e q u e s t s  and eva lua t ions  o f  Monographs have been ob ta ined  from p ro fes -  
sors a t  35 d i f f e r e n t  u n i v e r s i t i e s  t o  conclude t h a t  t h e r e  i s  r ea l  va lue  i n  t h i s  
program, 
involving p r o f e s s o r s  a t  1 9  d i f f e r e n t  u n i v e r s i t i e s ,  most p r o f e s s o r s  using t h e  
materials r e p o r t e d  favorably on t h e i r  b e n e f i t  t o  t h e  e d u c a t i o n a l  p rocess .  
t h e s e  tes ts  tlrere were more exposures f o r  t h e  Monographs i n  t h e  classroom while  
t h e r e  were more exposures f o r  t h e  Visual Briefs i n  r e s e a r c h  seminars and gradu- 
a t e  s t u d e n t  r e s e a r c h ,  These materials were n o t  ready soon enough t o  a l low 
f a c u l t y  t o  adequately p l an  f o r  t h e i r  use during t h e  r e g u l a r  academic yea r .  
* 
Although t h e r e  were fewer r eques t s  f o r  t h e  use  o f  t h e  Visual  Briefs 
I n  
The e f f i c i e n c y  with which t h e  material can b e  s e l e c t e d  and prepared 
i n  Monograph format depends on having a s a t i s f a c t o r y  mode o f  o p e r a t i o n  among 
a s e n i o r  au tho r ,  ano the r  experienced engineering educa to r  as a w r i t e r  and a 
g radua te  a s s i s t a n t  f o r  s ea rch ing  t h e  l i t e r a t u r e ,  Seve ra l  d i f f e r e n t  modes o f  
o p e r a t i o n  have been t r i e d  during t h e  c o n t r a c t ,  and a number of s a t i s f a c t o r y  
t echn iques  have been developed depending on t h e  d e s i r e s  of t h e  s e n i o r  au tho r .  
P a r t i c u l a r l y  d e s i r a b l e ,  economically,  was t h e  mode al lowing t h e  s e n i o r  au tho r  
t o  s e l e c t  material, t o  c o n t r a c t  t h e  wr i t i ng  ou t  t o  an experienced eng inee r ing  
educator  f o r  w r i t i n g  as a c o n s u l t a n t ,  and then  t o  f i n a l l y  e d i t  t h e  material 
f o r  f i n a l  reproduct ion.  
The e x t r a p o l a t i o n  of a program o f  t h i s  t ype  from t h e  p i l o t  s t a g e  t o  
a comprehensive recovery o f  documents i n  many s u b j e c t  areas from t h e  r e s e a r c h  
l a b o r a t o r i e s  throughout t h e  world should be preceded by an expansion o f  t h e s e  
a c t i v i t i e s  i n t o  o t h e r  s u b j e c t  areas and from o t h e r  l a b o r a t o r i e s  o u t s i d e  of t h e  
NASA group t o  provide f u r t h e r  tests of t h e  techniques developed during t h i s  
f irst  s t a g e  o f  t h e  NASA P i l o t  Program. 
a t  Oklahoma S t a t e  Universi ty  have been convinced by t h e  experience and r e s u l t s  
ob ta ined  under t h i s  c o n t r a c t  t h a t  t h e r e  probably i s  no b e t t e r  way than t h i s  
t echn ique  t o  i n s u r e  t h a t  s c i e n t i f i c  and t e c h n o l o g i c a l  developments from c u r r e n t  
r e s e a r c h  be r e t r i e v e d  and made a v a i l a b l e  t o  t h e  maximum e x t e n t  f o r  t h i s  n a t i o n ' s  
i n d u s t r i a l  and educa t iona l  b e n e f i t ,  
The personnel  of t h e  NASA P i l o t  Program 
3 
B .  I n t roduc t ion  
1. His tory  of Program 
On March 16,  1966, t h e  College of Engineer ing a t  Oklahoma S t a t e  
Univers i ty  submitted an u n s o l i c i t e d  proposal  e n t i t l e d  "A P i l o t  Program f o r  
S e l e c t i n g ,  Ed i t ing ,  and Disseminating Engineering and S c i e n t i f i c  Educat iona l  
Subjec t  Matter from NASA Technical  Reports" t o  t h e  Office of  Technology 
U t i l i z a t i o n  of  t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion .  
t i v e  of t h i s  proposa l  
s y s t e m a t i c a l l y  review 
of s i g n i f i c a n t  b e n e f i t  t o  t h e  engineer ing and p h y s i c a l  s c i ences  educa t iona l  
programs. The r e s u l t i n g  information would be formulated as Monographs s u i t -  
a b l e  f o r  supplementary t e x t  materials i n  advanced undergraduate  and graduate  
classo,s as w e l l  as i n  t e c h n i c a l  s h o r t  courses  and seminars .  
The objec-  
The Of f i ce  of  Technology U t i l i z a t i o n  through i t s  Western Support 
Of f i ce  had a l r eady  implemented a program t o  develop Visual  Briefs wi th  a 
similar purpose as proposed f o r  t h e  Monographs. 
s o  c l o s e l y  r e l a t e d , t h e y  were combined i n t o  a s i n g l e  program wi th  t h e  Western 
Support  Off ice  prepar ing  t h e  Visual  Briefs and Oklahoma S t a t e  Un ive r s i ty  pro- 
v id ing  f o r  i n i t i a l  eva lua t ion ,  reproduct ion ,  and d isseminat ion  and eva lua t ion  
i n  va r ious  u n i v e r s i t i e s  f o r  t r i a l  use .  
would implement t h e  program of  Monograph p r e p a r a t i o n  ca r ry ing  through t o  a 
d isseminat ion  and eva lua t ion  along w i t h  t h e  Visual  Briefs. 
Number NSR 37-002-045 wi th  Oklahoma 
S t a t e  Un ive r s i ty  prov 
been implemented. 
S ince  t h e  two programs were 
I n  a d d i t i o n ,  Oklahoma S t a t e  Un ive r s i ty  
NASA Contract  
The Vi rg in i a  Poly technic  I n s t i t u t e  became involved i n  t h e  program 
through t h e  p a r t i c i p a t i o n  o f  D r .  William A .  B l a c k w e l l  who p a r t i c i p a t e d  i n  t h e  
e a r l y  planning o f  t h e  i n i t i a l  proposal  from Oklahoma S t a t e  Un ive r s i ty .  Subse- 
quen t ly ,  Dr. B l a c k w e l l  became Head of  t h e  Department of  E l e c t r i c a l  Engineer ing 
at. V i rg in i a  Poly technic  I n s t i t u t e  bu t  r e t a i n e d  h i s  i n t e r e s t  i n  t h e  program. A 
subcon t rac t  with t h e  Vi rg in i a  Polytechnic  I n s t i t u t e  --! 
i n  t h e  program, 
-was w r i t t e n  t o  a l low D r .  Blackwell  t o  work as a s e n i o r  au tho r  
2 ,  Function of  Program 
A program o b j e c t i v e  is  t o  provide up-to-date i n s t r u c t i o n a l  m a t e r i a l  
de r ived  from c u r r e n t  r e s e a r c h  as r ap id ly  and as e f f i c i e n t l y  as p o s s i b l e  t o  
f a c u l t y  members engaged i n  t each ing .  
i s  publ i shed  first as a r e s e a r c h  r epor t  and then  t ends  t o  migra te  through 
o t h e r  forms of  publ i shed  material u n t i l  it makes i t s  way i n t o  tex tbooks .  
t i m e  necessary  f o r  new technology t o  be included i n  t h e  textbook t y p i c a l l y  can 
be f i v e  y e a r s ,  
p r o f e s s o r  t o  use i n  h i s  course ,  and t h i s  busy person seldom has t ime t o  aug- 
ment h i s  material w i t h  many r e c e n t  research  r e s u l t s .  
technology i s  being c r e a t e d  a t  a f a s t e r  and fas ter  r a t e  f u r t h e r  aggreva t ing  
t h e  s i t u a t i o n  of  using outda ted  material i n  u n i v e r s i t y  classrooms. The 
p r e p a r a t i o n  of a Monograph d i r e c t l y  from t h e  f i rs t  r e s e a r c h  r e p o r t  would 
Information about  new technology u s u a l l y  
The 
The textbook con ta ins  t h e  ma jo r i ty  of  material p o s s i b l e  f o r  a 
I n  t h e  meantime, new 
4 
a t tempt  t o  s h o r t c u t  t h i s  t i m e  by perhaps s e v e r a l  yea r s .  This  p r e p a r a t i o n  would 
conserve  t h e  time of many f a c u l t y  members by having t h e  sea rch  and w r i t i n g  done 
by a f e w  with t h e  r e s u l t i n g  Monograph being made a v a i l a b l e  t o  a l l .  
The Visual  Briefs a t tempt  t o  add another  dimension i n  t h e  l e a r n i n g  
process  by providing v i s u a l  information no t  r e a d i l y  p o s s i b l e  t o  be desc r ibed  
by w r i t t e n  m a t e r i a l ,  
p a r t i c i p a n t  cannot adequately ana lyze  t h e  r e s u l t s  o f  h i s  p r o j e c t  without  t a k i n g  
e i t h e r  s t i l l  or motion p i c t u r e s .  Once t h e  information has  been obta ined  t h e r e  
i s  an e x c e l l e n t  source  of  material for exp la in ing  t h e  same phenomenon t o  t h e  
s t u d e n t  i n  t h e  classroom. This  i s  t h e  raw material from which Visua l  Briefs 
are prepared by t h e  NASA Western Support Of f i ce  f o r  t h i s  program. 
During r e sea rch  programs t h e r e  are times when t h e  r e s e a r c h  
A program t h a t  sys t ema t i ca l ly  searches  f o r  new technology and p repa res  
it f o r  educa t iona l  use may make a v a i l a b l e  many new developments t h a t  o therwise  
might c o n t r i b u t e  only t o  t h e  s o l u t i o n  of a s i n g l e  problem, 
r e s u l t  o therwise  would be t h e  re invent ion  or red iscovery  of  technology t h a t  
would n o t  o therwise  have been necessary.  
The i n e v i t a b l e  
A more complete d i scuss ion  of t h e  r e l a t i o n s h i p  and va lue  of t h e  prod- 
u c t s  of  t h i s  program i n  improving t h e  m a t e r i a l  a v a i l a b l e  t o  an engineer ing  
p r o f e s s o r  i s  included i n  two papers  presented a t  t h e  Annual Meeting o f  t h e  
American Socie ty  f o r  Engineering Education a t  Michigan S t a t e  Un ive r s i ty  dur ing  
June 1 9 - 2 2 ,  1967 .  The papers- a r e  
e n t i t l e d  "Monographs Containing Source Material on N e w  Technology", by Kenneth 
A .  McCollom, an admin i s t r a to r  of t h i s  program, and "Visual  Briefs - Supplemen- 
t a r y  Teaching Aids" by Dick W .  Orr ick of t h e  NASA Office of Technology 
U t i l i z a t i o n  
C .  Program Organizat ion 
1, Subjec t  Areas Used 
The s u b j e c t  a r e a s  of  Heat Transfer ,  Thermodynamics, and Cont ro l  
Systems were s e l e c t e d  from t h e  one page summaries submit ted by Oklahoma S t a t e  
Un ive r s i ty  p ro fes so r s  i n  t h e  i n i t i a l  proposal  (Appendix VI I ) .  
t h e r e  would be no a t tempt  t o  w r i t e  Monographs t o  cover t h e  complete range  o f  
these areas, t h e  broad s u b j e c t  a r e a s  appeared d e s i r a b l e  as a t i t l e .  I n  Heat 
Trans fe r  both r a d i a t i o n  and convection hea t  t r a n s f e r  are t r e a t e d .  The Thermo- 
dynamics a r e a  i s  r a t h e r  s p e c i a l i z e d  i n  t h e  Monographs prepared.  I n  t h e  Cont ro l  
System area a wide range of s u b j e c t s  a r e  covered. 
a b s t r a c t s  generated during t h i s  program are l i s t e d  under t h e s e  t h r e e  s u b j e c t  
areas i n  Appendix V I  of  t h i s  r e p o r t .  
Even though 
The Monograph t i t l e s  and 
The Visua l  B r i e f s  were se l ec t ed  without  regard  f o r  s u b j e c t  a r e a s  and 
then  were c l a s s i f i e d  according t o  sub jec t .  These s u b j e c t  a r e a s  a r e  somewhat 
more s p e c i f i c  t han  f o r  t h e  Monographs. 
t o  t h e  fol lowing c a t e g o r i e s  i n  Appendix V I 1  of t h i s  r e p o r t :  Convection Heat 
Trans fe r ,  Radia t ion  Heat Transfer,  Gas Dynamics, Machine Design, React ion 
K i n e t i c s ,  A i r c r a f t  S t r u c t u r e s ,  Control Systems, Mechanical Metal lurgy,  and 
B i o e l e c t r o n i c s .  
The Visual  Briefs are l i s t e d  according 
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The NASA r e s e a r c h  program generates  cer ta in  s p e c i a l i z e d  areas which 
are unique t o  NASA,  b u t ,  i n  a d d i t i o n ,  near ly  every s t anda rd  technology i s  
r ep resen ted  by use t o  a g r e a t e r  or l e s s e r  degree.  
be developed i n t o  a Monograph program from NASA work as well as from o t h e r  
major r e s e a r c h  programs such as t h a t  of t h e  Atomic Energy Commission. 
Many s u b j e c t  areas could 
2 ,  Program Personnel 
This  program has been organized and adminis tered by two a d m i n i s t r a t o r s ,  
D r .  Clark A .  Dunn, Associate  Dean of the College of Engineer ing,  and D r .  Kenneth 
A .  McCollom, P ro fes so r  of t h e  School of E l e c t r i c a l  Engineering a t  Oklahoma S t a t e  
Un ive r s i ty ,  
During t h e  course of t h e  program t h e r e  have been f i v e  p r o f e s s o r s  who 
q u a l i f y  as s e n i o r  a u t h o r s :  D r .  John A.  Wiebelt o f  t h e  School o f  Mechanical 
Engineer ing;  Dr, Kenneth J. B e l l ,  Professor  Wayne C .  Edmister,  and D r .  K. C ,  
Chao of t h e  School of Chemical Engineering; and D r .  W i l l i a m  A .  Blackwell  of 
t h e  School of E l e c t r i c a l  Engineering a t  V i r g i n i a  Po ly techn ic  I n s t i t u t e .  Others 
p a r t i c i p a t i n g  s i g n i f i c a n t l y  i n  w r i t i n g  Monographs a r e  D r .  Leonard L. Grigsby, 
D r ,  H, F. VanLandingham, and D r .  A .  Wayne Bennett of t h e  School of Electr ical  
Engineer ing a t  V i r g i n i a  Polytechnic  I n s t i t u t e ;  and D r .  Pau l  A .  Miller of t h e  
School o f  Mechanical Engineering a t  Kansas S t a t e  Un ive r s i ty .  
D ,  Procedures for Producing Monographs 
1, Modes of ODeration 
The mode of ope ra t ion  used t o  produce Monographs must be a t t r a c t i v e  
H e  is t h e  key person i n  t h e  t o  t h e  s e n i o r  au tho r  t o  ga in  h i s  p a r t i c i p a t i o n .  
product ion of Monographs and i s  expected t o  have t h e  fol lowing q u a l i f i c a t i o n s :  
an  au tho r  of a r e c e n t  textbook or a recognized a u t h o r i t y  i n  h i s  f i e l d ,  an  
experienced and mature engineer  i n  h i s  f i e l d ,  and an experienced and knowledge- 
a b l e  t e a c h e r  i n  engineer ing.  
be a b l e  t o  recognize new and s i g n i f i c a n t  material i n  h i s  f i e l d ;  he must be a b l e  
t o  develop a complete and a c c u r a t e  p r e s e n t a t i o n  of t h e  new c o n t r i b u t i o n  t o  
technology; and he must be a b l e  t o  wr i t e  or e d i t  t h e  Monograph i n  such a way 
as t o  make it va luab le  as supplementary t each ing  material i n  h i s  f i e l d .  An 
i n d i v i d u a l  with t h e s e  q u a l i f i c a t i o n s  has many p l a c e s  where he can f r u i t f u l l y  
apply h i s  l a b o r s ,  s o  a s a t i s f a c t o r y  mode of o p e r a t i o n  o f  t h e  monograph program 
i s  important .  
I n  t h e  process of  producing Monographs he must 
Two main modes of o p e r a t i o n  have been used f o r  w r i t i n g  Monographs wi th  
a t h i r d  mode being a s l i g h t  modif icat ion of t h e  second. I n  t h e  f i rs t  mode, 
t h e  s e n i o r  au tho r  does a l l  of h i s  own development o f  m a t e r i a l  and w r i t i n g  wi th  
only minor a s s i s t a n c e  from a g radua te  a s s o c i a t e  where d e s i r e d .  This  mode u s e s  
a cons ide rab le  amount of t h e  s e n i o r  a u t h o r ’ s  t i m e .  I n  t h e  second mode, an 
experienced engineer ing p r o f e s s o r  i n  t h e  f i e l d  t a k e s  t h e  m a t e r i a l  s e l e c t e d  by 
t h e  s e n i o r  au tho r  and p repa res  it as supplementary textbook m a t e r i a l  under t h e  
guidance of t h e  s e n i o r  a u t h o r .  I n  these two modes, both t h e  s e n i o r  au tho r  and 
t h e  suppor t ing  experienced engineer ing p r o f e s s o r  have been r e g u l a r  p a r t i c i p a n t s  
i n  t h e  program. The t h i r d  mode modifies t h i s  procedure s l i g h t l y  by h i r i n g  t h e  
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experienced engineer ing  p ro fes so r  as a consu l t an t  a t  an a p p r o p r i a t e  hour ly  
s t i p e n d  t o  prepare  t h e  Monograph from the  m a t e r i a l  s e l e c t e d  by t h e  s e n i o r  
au tho r ,  The s e n i o r  au thor  then  e d i t s  and p repa res  t h e  material f o r  f i n a l  
typ ing ,  The experience i n  t h i s  mode of ope ra t ion  was obta ined  under t h e  
guidance o f  D r .  John A.  Wiebelt as sen io r  au tho r  wi th  D r .  Paul  A .  Miller o f  
Kansas S t a t e  Univers i ty ,  who was a former s t u d e n t  of  Dr. Wiebel t ’ s ,do ing  t h e  
w r i t i n g .  This  procedure i s  c l o s e l y  r e l a t e d  t o  t h e  w r i t i n g  arrangement 
textbcok au tho r s  have wi th  p ro fes s iona l  book pub l i she r s .  
2 ,  S e l e c t i o n  of  Material 
The first t a s k  i n  prepar ing  a Monograph i s  t o  o b t a i n  new material 
The s e n i o r  au tho r  
a p p r o p r i a t e  f o r  use i n  t h e  classroom. 
i n i t i a l  s ea rch  under t h e  guidance o f  the  s e n i o r  au thor .  
o r i e n t a t e s  t h e  Graduate Associate  i n  the  s u b j e c t  area i n  which he i s  t o  work, 
g iv ing  him key i d e a s  of what t o  expect .  The most product ive  p l a c e  from which 
a graduate  a s s o c i a t e  can f i n d  r e sea rch  r e p o r t s  from NASA Labora to r i e s  or NASA 
Con t rac t s  i s  t h e  STAR a b s t r a c t s ,  A Se lec ted  L i s t i n g  of NASA S c i e n t i f i c  and 
Technical  Reports f o r  19--, and t h e  AIM, American I n s t i t u t e  o f  Aerospace 
Abs t r ac t s ,  p u b l i c a t i o n s .  The a b s t r a c t s  ob ta ined  i n  t h i s  manner are reviewed 
wi th  t h e  s e n i o r  au thor  who s e l e c t s  those f o r  which t h e  complete r e p o r t  should 
be ob ta ined ,  The microf iche  copies  of t h e  complete r e p o r t  are  ob ta ined  q u i t e  
r a p i d l y  from t h e  c l o s e s t  NASA repos i to ry  ( i n  t h i s  case, t h e  Technology Use 
S tud ie s  Center  a t  Southeastern S ta te  College i n  Durant, Oklahoma). S i m i l a r  
r e p o s i t o r i e s  are d i s t r i b u t e d  throughout t h e  United S t a t e s .  
a s s o c i a t e  r eads  t h e  microf iche  copy and p r e s e n t s  t hose  pas s ing  t h i s  a n a l y s i s  
t o  t h e  s e n i o r  au tho r  t o  check. 
duced from t h e  microf iche  i n  l o c a l  l i b r a r y  f a c i l i t i e s  a t  Oklahoma S t a t e  
Un ive r s i ty  i f  he wishes t o  use it f o r  Monograph source  m a t e r i a l .  
guidance f o r  t h e  graduate  a s s o c i a t e  i n  searching  t h e  a b s t r a c t s  is  reproduced 
i n  Appendix V - 1  o f  t h i s  r e p o r t ,  
A g raduate  a s s o c i a t e  performs t h e  
The g radua te  
The sen ior  au tho r  then  has  “hard copy” repro-  
Deta i led  
Two o t h e r  techniques  used t o  discover  appropr i a t e  material for 
Monographs were computer o r i e n t e d  information r e t r i e v a l  programs and pe r sona l  
c o n t a c t s  and v i s i t s  wi th  known c e n t e r s  i n  t h e  s e n i o r  a u t h o r ’ s  area. I n i t i a l  
use of  t h e  information r e t r i e v a l  through t h e  Technology U t i l i z a t i o n  Div is ion  
produced some p e r i p h e r a l  r e p o r t s  of  i n t e r e s t  bu t  o therwise  r a t h e r  u s e l e s s  
material f o r  t h i s  purpose,  
a t  t h i s  t i m e ,  s i n c e  s u f f i c i e n t  m a t e r i a l  was being discovered through t h e  
a b s t r a c t  s ea rches ,  The NASA Information r e t r i e v a l  system known as SCAN, 
Se l ec t ed  Current  Aerospace Notices ,  should be of g r e a t  use i n  s e l e c t i n g  
material, 
No f u r t h e r  ref inement  of  indexing was at tempted 
Since  t h e  s e n i o r  au thor  is acquainted wi th  those  c o n t r i b u t i n g  i n  h i s  
f i e l d ,  h e  is  i n  a p o s i t i o n  t o  l e a r n  of material d i r e c t l y  from c e n t e r s  doing 
t h i s  r e sea rch .  Seve ra l  of  t h e  s e n i o r  au tho r s  d i d  v i s i t  some o f  t h e  NASA 
resea rch  c e n t e r s  t o  develop such contac ts  wi th  good r e s u l t s .  One i t e m  discov-  
e red  was t h e  a v a i l a b i l i t y  of i n t e r n a l  r e p o r t s  which do n o t  reach  t h e  open 
l i t e r a t u r e ,  Some of  t h e s e  e x t e r n a l  r e p o r t s ,  p a r t i c u l a r l y  i n  des ign ,  appear  
t o  make s i g n i f i c a n t  c o n t r i b u t i o n s  t o  new technology. 
3. Wri t ing t h e  Monographs 
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Varying degrees  of  e f f o r t  are r equ i r ed  t o  t u r n  t h e  informat ion  i n  a 
r e p o r t  or r e p o r t s  i n t o  a form appropr ia te  as a Monograph. 
i n  t h e  i n i t i a l  searches  involved obta in ing  r e sea rch  r e p o r t s  which could  be 
r e a d i l y  transformed from t h e i r  p re sen t  form t o  t h a t  o f  a Monograph. There 
have been some s i g n i f i c a n t  except ions  which i n d i c a t e  t h e  v a r i a t i o n  i n  e f f o r t  
r equ i r ed ,  
s i g n i f i c a n t l y  g r e a t e r  e f f o r t  is required t o  produce a s i n g l e  Monograph. 
g r e a t e r  e f f o r t  i s  r equ i r ed  i f  t h e  ma te r i a l  i n  a r e p o r t  i s  new technology but  
i s  too  l i m i t e d  or incomplete t o  se rve  as s a t i s f a c t o r y  educa t iona l  m a t e r i a l .  
Much of  t h e  e f f o r t  
When more than one r e p o r t  serves  as a b a s i s  f o r  t h e  Monograph 
Even 
General guidance f o r  t h e  sen ior  au tho r s  i s  provided f o r  both t h e  
phi losophy behind t h e  Monograph concept and f o r  t h e  s p e c i f i c  Monograph format 
expected, y e t  he i s  l e f t  wi th  a g r e a t  dea l  of  f l e x i b i l i t y  i n  t h e  a c t u a l  
w r i t i n g  o f  t h e  Monograph, 
of  t h i s  r e p o r t .  
i s  aga in  used t o  he lp  design and work out a s o l u t i o n  t o  a problem us ing  t h e  
new technology d iscussed .  Following e d i t i n g  of  t h e  Monograph, t h e  home problem, 
and t h e  home problem s o l u t i o n ,  f i n a l  typing and d r a f t i n g  are accomplished and 
t h e  Monograph i s  r ead ied  f o r  m u l t i p l e  copy reproduct ion .  
This guidance informat ion  i s  inc luded  i n  Appendix V-2 
Following t h e  w r i t i n g  of t h e  Monograph, t h e  graduate  a s s o c i a t e  
P r i o r  t o  f i n a l  reproduct ion ,  s e v e r a l  cop ie s  of t h e  Monograph are made 
which are s e n t  t o  t h e  au tho r s  o f  t h e  o r i g i n a l  r e p o r t s  from which t h e  Monograph 
was w r i t t e n .  
t h e  Monograph from one who i s  in t ima te ly  acquain ted  wi th  t h e  work. 
i s  q u i t e  u s e f u l  when it can be obtained.  
au tho r  u s u a l l y  w i l l  have a co l league  who i s  a l s o  competent i n  t h e  f i e l d  t o  
review t h e  Monograph f o r  t e c h n i c a l  conten t .  
o f  t h e  Monograph as educa t iona l  mater ia l ,  of  course ,  is t h e  r e s p o n s i b i l i t y  o f  
t h e  s e n i o r  au thor  as an experienced,  competent engineer ing  t e a c h e r  i n  h i s  f i e l d .  
The o b j e c t i v e  i s  t o  g e t  a c r i t i q u e  o f  t h e  t e c h n i c a l  con ten t  of  
This  review 
When t h i s  i s  n o t  p o s s i b l e ,  t h e  s e n i o r  
The format and t h e  p r e s e n t a t i o n  
4 Reproduction 
Following t h e  t e c h n i c a l  review and any a l t e r a t i o n s  found appropr i a t e ,  
t h e  Monographs are typed onto  m u l t i l i t h  mats f o r  reproduct ion  which r e s u l t s  
i n  p r i n t e d  material similar t o  t h a t  of  t h i s  r e p o r t .  
produced o f  each Monograph, an I n s t r u c t o r ' s  Monograph and a S t u d e n t ' s  Monograph, 
They d i f f e r  on ly  i n  t h a t  t h e  s t u d e n t ' s  copy does n o t  have f r m t a n d  back covers ,  
t h e  I n s t r u c t o r ' s  Guide f o r  Use o f  t h e  Monograph, and t h e  s o l u t i o n  t o  any home 
problems i n  t h e  Monograph., 
tr, t h e  use fu lness  o f  h i s  textbook i n  providing him wi th  b a s i c  technology.  
There are two formats  
The usefu lness  t o  t h e  s t u d e n t  o f  a copy i s  similar 
E ,  Procedures  f o r  Handling Visual  Br i e f s  
1, I n i t i a l  Evalua t ion  
The Visual  Briefs c o n s i s t i n g  o f  v i s u a l  material and a s s o c i a t e d  w r i t t e n  
material were r ece ived  from NASA Western Support  Office f o r  i n i t i a l  eva lua t ion  
for p o s s i b l e  use as classroom, seminar,  and t e c h n i c a l  meeting materials. 
P ro fes so r s  i n  f ie lds  related t o  t h e  sub jec t  area reviewed t h e s e  materials wi th  
an even tua l  s e l e c t i o n  of  2 1  of t h e  37 Visual B r i e f s  
these 2 1  V i sua l  B r i e f s  t o g e t h e r  wi th  abstracts desc r ib ing  them are given i n  
Appendix VI1 of  t h i s  r e p o r t .  
provided.  A l i s t i n g  of  
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The u s u a l  i n i t i a l  eva lua t ion  o f  a Visua l  Brief was e s s e n t i a l l y  as 
fo l lows ,  
t o  acquain t  himself wi th  t h e  gene ra l  background o f  t h e  NASA r e s e a r c h  i n  which 
it was gene ra t ed ,  
attempted t o  s e l e c t  t h e  important po r t ion  o r  p o r t i o n s  of  technology t h a t  
were b e s t  expla ined  o r  demonstrated i n  t h e  f i l m .  If he f e l t  t h a t  t h e r e  were 
s i g n i f i c a n t  educa t iona l  materials f o r  p a r t i c u l a r  group o r  groups o f  t e c h n i c a l  
persons ,  t h e  p ro fes so r  made t h i s  no te  a long wi th  any g e n e r a l  comments concerning 
t h e  f i l m  q u a l i t y ?  
The p ro fes so r  r ead  t h e  material supp l i ed  wi th  t h e  v i s u a l  material  
The f i l m  was run fo r  t h e  first time. The p r o f e s s o r  
2 .  Guidance f o r  Use of  Visual  Br i e f s  
The v i s u a l  materials f o r  t h e  Visual  Briefs were prepared  by each o f  
t h e  NASA resea rch  c e n t e r s  i n i t i a l l y  genera t ing  t h e  r e l a t e d  r e s e a r c h .  
it i s  p o s s i b l e  t o  e d i t  t h e  movie fi lms, i t  i s  no t  p o s s i b l e  t o  add material t o  
t h e  f i l m s  i n  an a t tempt  t o  improve t h e  educa t iona l  techniques .  
l i m i t a t i o n  i n  e f f e c t  no a t tempt  was made a t  Oklahoma S t a t e  Un ive r s i ty  t o  a l t e r  
t h e  v i s u a l  material as rece ived  from t h e  NASA Western Support Office. 
Although 
With t h i s  
For t hose  who use t h e  Visual  Briefs, a g e n e r a l  gu ide  was prepared t o  
b r ing  t o  t h e  u s e r ’ s  a t t e n t i o n  poss ib l e  educa t iona l  uses .  
t h e  types  of  information t h a t  might be involved i n  t h e  f i l m s ,  t h e  types  of  
groups which might p r o f i t a b l y  use t h e  Visual  Brief,  and t h e  recommended proce- 
dure f o r  p repa ra t ion  by t h e  p ro fes so r  before  us ing  t h e  Visua l  B r i e f  i n  a group 
p r e s e n t a t i o n .  This  “General Guide for Use o f  Visual  Briefs’’  i s  shown a t t ached  
as t h e  f irst  page o f  t h e  a b s t r a c t s  o f  Visual  Briefs i n  Appendix V I I .  
The guide  sugges ts  
3 Reproduction 
The v isua l  material of t h e  Visual Briefs occur  as 1 6  mm moving p i c t u r e  
The 1 6  mm f i l m ,  8 mm moving p i c t u r e  f i l m  i n  c a r t r i d g e s ,  and s t i l l  photographs.  
f i l m s  i nc lude  both c o l o r  and black and whi te  i n  combination wi th  both s i l e n t  
and sound tracks,  The 8 mm f i l m  i n  c a r t r i d g e s  i s  f o r  use without  sound wi th  
t h e  Technicolor  I n s t a n t  Movie P ro jec to r  Model 800.  
with t h e  p r o j e c t o r  are very easy equipment t o  u s e  and con ta in  only s h o r t ,  
meaningful moving pic-cures o f  key p a r t s  o f  a p a r t i c u l a r  experiment.  
t h e  Vi sua l  B r i e f s  V B - 1 5  and VB-20 were supp l i ed  i n  t h i s  format by t h e  NASA 
Western Support  Office and t h e  t e n  Model 800 p r o j e c t o r s  were purchased under 
t h i s  contr?a=tat&lahoma S t a t e  Universi ty  f o r  loan  t o  p o s s i b l e  u s e r s  n o t  equipped 
i n  t h i s  manner. 
material 
These c a r t r i d g e s  t o g e t h e r  
Two of  
One Visual  Brief,  VB- 5, provided photographs as t h e  v i s u a l  
The remaining Visual  B r i e f s  were 1 6  mm moving p i c t u r e  f i l m s .  Nine 
copies  of each f i l m  were made by one of two f i l m  p rocess ing  f i r m s ,  Hollywood 
F i l m  E n t e r p r i s e s ,  Hollywood, Ca l i fo rn ia ,  and Byron Motion P i c t u r e s ,  I n c . ,  
Washington, Do C. The l a t t e r  f i r m  was used f o r  reproduct ion  o f  t h e  f o u r  f i l m s  
from t h e  Langley Research Center a t  t h e i r  r eques t .  The remaining f i l m s  were 
reproduced by t h e  Hollywood F i l m  En te rp r i se s  as t h e  low b idde r  of t h r e e  b i d s  
from f i l m  p rocess ing  companies, 
t h e  master f i l m  from t h e  r e sea rch  cen te r s  known as A ,  B,  and C rolls correspond- 
ing  t o  p i c t u r e s ,  f ad ing  and s u b t i t l e s ,  and sound and some were reproduced from 
a good q u a l i t y  p r i n t ,  
a d d i t i o n a l  c o l o r  p r i n t s  can be made as d e s i r e d .  
Some of  t h e  c o l o r  f i l m s  were reproduced from 
I n  e i t h e r  case, an i n t e r n e g a t i v e  was produced from which 
These i n t e r n e g a t i v e s  a r e  i n  
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t h e  possess ion  of t h e  NASA Western Support Office. 
of  course ,  a r e  obta ined  from in t e rnega t ives  made from t h e  masters, bu t  t h e  
a l t e r n a t e  method d i d  prove s a t i s f a c t o r y .  
The b e s t  q u a l i t y  p r i n t s ,  
F,  Procedures Used f o r  Trial  Dissemination 
An o b j e c t i v e  o f  t h e  program was t o  determine t h e  e f f e c t i v e n e s s  o f  
t h e  Monographs and Visual  Briefs by disseminat ion i n t o  classrooms,  seminars ,  
and r e sea rch  programs i n  u n i v e r s i t i e s  throughout  t h e  United S t a t e s ,  The 
schedule  o f  w r i t i n g  and reproducing Monographs and r e c e i v i n g  and reproducing 
Visual  Briefs was s u f f i c i e n t l y  t i g h t  t o  r e q u i r e  pe r sona l  c o n t a c t s  with prospec- 
t i v e  e v a l u a t o r s  i f  a t e s t  were t o  be  obtained dur ing  t h e  second semester  o f  
t h e  1966-67 academic yea r ,  These contac ts  were made by t h e  s e n i o r  au tho r s  wi th  
known co-workers i n  h i s  f i e l d  a t  o ther  u n i v e r s i t i e s  and r e s u l t e d  i n  reasonably  
good response ,  
t h a t  o r i g i n a l l y  thought and due t o  the de lays  i n  reproduct ion  of  both t h e  
Monographs and Visual  Briefs, only a few i tems were a c t u a l l y  s e n t  t o  p r o f e s s o r s  
f o r  use dur ing  t h e  second semester  of 1966-67. 
Due t o  t h e  longer  t i m e  necessary  t o  prepare  a Monograph than  
A second method of making the engineer ing  educator  aware o f  t h e  pro- 
gram w a s  through p r e s e n t a t i o n  of papers a t  p r o f e s s i o n a l  meetings.  
p re sen ted  a g e n e r a l  paper  desc r ib ing  the program f o r  both t h e  Monographs and 
t h e  Vi sua l  B r i e f s  a t  t h e  educa t iona l  s e s s ion  o f  t h e  Fourth Space Congress h e l d  
a t  Cocoa Beach, F lo r ida ,  i n  Apr i l ,  1967, A more e f f e c t i v e  p r e s e n t a t i o n  t o  
engineer ing  p r o f e s s x s  s p e c i f i c a l l y  was made through t h e  papers  r e f e r r e d  t o  
p rev ious ly  presented  a t  t h e  Annual Meeting o f  t h e  American Soc ie ty  f o r  
Engineer ing Education by D r .  McCollom and Mr. De W .  Orick\-] 
ny more r e q u e s t s  f o r  both Monographs and Visua l  B r i e f s .  I n  
D r .  McCollom 
The r ecep t ion  by educators  a t  both meetings was q u i t e  p o s i t i v e  
a d d i t i o n  t o  t h e  papers  presented  a t  A.S.E.E. t h e r e  were two panel  d i s p l a y s  on 
Monographs and Visua l  Briefs p laced  at  s t r a t e g i c  p l a c e s  a t  t h e  meeting and two 
o f  the  Visua l  Briefs were included i n  a s e r i e s  of  films shown t h r e e  t imes 
during t h e  meeting by t h e  Office o f  Engineering Education. 
A t  t h e  time an i n d i v i d u a l  professor  expressed any i n t e r e s t  i n  p a r t i c i -  
p a t i n g  i n  eva lua t ing  Monographs and/or Visua l  Briefs he was s e n t  a l e t t e r  
exp la in ing  t h e  program and a set of  abstracts o f  a l l  Monographs and/or Visua l  
Briefs (reproduced as Appendix V I  and V I 1  o f  t h i s  r e p o r t ,  r e s p e c t i v e l y ) .  
when t h e  p ro fes so r  made s p e c i f i c  r eques t s  f o r  t hose  materials appropr i a t e  f o r  
h i s  use,  t h e  materials were s e n t  t oge the r  wi th  eva lua t ion  s h e e t s  (forms o f  
which are reproduced i n  Appendix 1 1 1 - 2  and I V - 2  o f  t h i s  r e p o r t )  and wi th  an  
i n d i c a t i o n  o f  how important  h i s  eva lua t ions  would be  t o  t h e  success  of  t h e  
program 
Then, 
G o  Resu l t s  from Program ImDlementation 
During t h e  pe r iod  of  t h i s  con t r ac t ,  1 7  Monographs have been w r i t t e n  
most of which have been reproduced and 2 1  o f  37 Visua l  B r i e f s  have been s e l e c t e d  
and have been reproduced. 
Appendix V I  and those  of  t h e  Visual  Briefs s e l e c t e d  a r e  shown i n  Appendix V I I .  
The procedures  d iscussed  i n  t h e  previous t h r e e  s e c t i o n s  were those  used t o  
a.ccomplish t h e s e  r e s u l t s .  
t h e  accomplishments when t h e s e  procedures were implemented. 
The a b s t r a c t s  o f  t h e  Monographs are shown i n  
The res t  of t h i s  s e c t i o n  w i l l  be used t o  summarize 
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1. S e l e c t i o n  of  Material f o r  MonoeraDhs 
The most product ive method of ob ta in ing  r e p o r t s  f o r  use i n  p repa r ing  
Monographs was through t h e  graduate  a s s o c i a t e .  
s e n i o r  a u t h o r s ,  t h e  g radua te  a s s o c i a t e  s y s t e m a t i c a l l y  reviewed t h e  STAR and 
A I A A  a b s t r a c t s  using t h e  techniques recorded i n  Appendix V-1. 
method of making a v i s i t  t o  s p e c i f i c  l a b o r a t o r i e s  doing r e s e a r c h  i n  h i s  a r e a  
wa5 used a s i n g l e  time by each of t h r e e  s e n i o r  a u t h o r s .  
c o n t a c t s  with r e sea rch  personnel  a c t i v e  i n  t h e  i n d i v i d u a l  a r e a s  produced a 
number of l i k e l y  r e p o r t s -  The s e n i o r  authors  f ee l  t h a t  t h i s  avenue would be 
very e f f e c t i v e  f o r  ob ta in ing  material when p rope r ly  developed. 
method o f  using in fo rma t iona l  r e t r i e v a l  techniques t h a t  are automated through 
t h e  computer was used only one t ime. 
r e p o r t s  and very f e w  d e s i r a b l e  ones ind ica t ed  t h a t  f a m i l i a r i t y  and proper  
indexing techniques would be necessary t o  t a k e  advantage of what w i l l  
undoubtedly be a very va luab le  a i d .  
Under t h e  guidance of t h e  
The second 
These pe r sona l  
The t h i r d  
The very l a r g e  number o f  i n a p p r o p r i a t e  
Some s ta t i s t ics  on t h e  e f f e c t i v e n e s s  o f  t h e  use  o f  reviewing a b s t r a c t s  
i n  t h e  Con t ro l  Systems a r e a  w i l l  g ive  an i n d i c a t i o n  of r e s u l t s  of t h i s  method 
of seek ing  material, From t h e  survey o f  t h e  STAR a b s t r a c t s  ove r  s e v e r a l  r e c e n t  
y e a r s  146 r e p o r t s  were considered,  O f  t h e s e  146, 36 were reviewed e x t e n s i v e l y ,  
some by two or more members of t h e  group f o r  a t o t a l  o f  64 reviews. 
reviewed, 9 r e p o r t s  were chosen from which t h e  6 Monographs i n  t h e  Con t ro l  
Systems a r e a  were w r i t t e n .  O f  t h e  27 r e p o r t s  remaining of t h o s e  e x t e n s i v e l y  
reviewed, 1 5  a d d i t i o n a l  r e p o r t s  were f e l t  t o  have classroom a p p l i c a t i o n s .  O f  
t h e s e ,  5 seem b e s t  s u i t e d  f o r  Monograph p r e p a r a t i o n .  
O f  t h o s e  
The amount of  material  a v a i l a b l e  i n  each o f  t h e  t h r e e  s u b j e c t  areas 
of t h i s  program depends g r e a t l y  on the  b read th  o r  narrowness o f  s p e c i a l i z a t i o n  
o f  t h e  p r o f e s s o r  involved,  The sub jec t  areas themselves are q u i t e  broad. The 
narrower p a r t  o f  t h e  Thermodynamics area worked by Dr. K. C. Chao, however, 
appears  t o  be q u i t e  l i m i t e d  i n  t h e  r e p o r t s  t h a t  were l o c a t e d .  On t h e  o t h e r  
hand, t h a t  p a r t  o f  t h e  s u b j e c t  a r e a  of thermodynamics being developed by 
Wayne C ,  Edrnister does n o t  seem t o  be so l i m i t e d .  
There i s  a source o f  what appears t o  be u s e f u l  material f o r  Monographs 
which are no t  publ ished i n  t h e  open l i t e r a t u r e .  
" i n t e r n a l "  r e p o r t s  
o p e r a t i o n  of work being conducted a t  a p a r t i c u l a r  r e s e a r c h  c e n t e r ,  b u t ,  f o r  
some reason have n o t  been pub l i shed  where they  would b e  a b s t r a c t e d  by STAR 
or A I A A .  
They a r e  r e f e r r e d  t o  as 
These are normally gene ra t ed  t o  provide f o r  s a t i s f a c t o r y  
2 "  Writing t h e  Monographs 
Once a p p r o p r i a t e  m a t e r i a l  has been s e l e c t e d  by t h e  s e n i o r  au tho r s  a 
wide range of e f f o r t  is s t i l l  r equ i r ed  t o  complete t h e  w r i t i n g  of a Monograph. 
Some r e p o r t s  are i n  a format nea r  enough t o  one u s e f u l  i n  t h e  e d u c a t i o n a l  
p rocess  t h a t  a r e l a t i v e l y  few hours are r e q u i r e d  t o  f i n i s h  t h e  p r e p a r a t i o n .  
Monographs HT-7 and HT-8 a re  examples where approximately 40 and 24 hours ,  
r e s p e c t i v e l y ,  of actual w r i t i n g  t i m e  were r e q u i r e d  t o  make t h e  conversion. 
Add i t iona l  man-hours o f  time are r equ i r ed  t o  p repa re  t h e  Monographs f o r  
r ep roduc t ion  e s t ima ted  he re  t o  be: approximately 1 0  hours t o  design and work 
a home problem; 5 hours of e d i t i n g  by s e n i o r  a u t h o r ;  and 25 hours f o r  t h e  
11 
r o u g h  d r a f t  and t h e  f i n a l  d r a f t  typing t o g e t h e r  with p r e p a r a t i o n  o f  i l l u s t r a t i o n s ,  
Fcr YT-7 t h i s  would t o t a l  45 man-hours o f  p r o f e s s i o n a l  t ime and 35 man-hours o f  
s k i l l e d  time, 
prepare  a Monograph fo l lowing  d e l i n e a t i o n  of  m a t e r i a l .  
Undoubtedly, t h i s  i s  t h e  lower l i m i t  of  t h e  t i m e  necessary  t o  
The v a r i a b l e s  t h a t  have been found t o  inc rease  t h e  time necessary  t o  
complete a Monograph are numerous, 
r a t i o n  i s  more time consuming. 
t h e  p ro fes so r  may f i n d  it necessary t o  prepare  a d d i t i o n a l  in format ion  t o  make 
a compl-ete t op ic .  
t echniques  n o t  prev ious ly  s o l v a b l e ,  
e l a b 3 r a t e  and need s i m p l i f i c a t i o n  f o r  t h e  l e a r n i n g  process  r e q u i r e d  i n  t h e  
classroom, 
p a r t  of t h e  o r i g i n a l  au thor  may l e a d  t o  e r r o r s  t h a t  t h e  au tho r  must r e c o n c i l e  
through f u r t h e r  development and d i scuss ions  wi th  t h e  o r i g i n a l  au tho r .  A s  an 
sstimate, t h e  p r o f e s s i o n a l  man-hours could e a s i l y  i n c r e a s e  by a f a c t o r  o f  f o u r  
over +he 45 man-hours e s t a b l i s h e d  i n  the  prev ious  paragraph,  
If two or more r e p o r t s  are used, t h e  prepa- 
When the  s u b j e c t  a r e a  i s  covered inadequa te ly ,  
The computer has become a valued t o o l  i n  many a n a l y t i c a l  
Usually t h e s e  computer programs are q u i t e  
Las t ly ,  (as  was found i n  CS-2)  some improper assumptions on t h e  
During t h i s  program, t h e  major i ty  o f  t h e  w r i t i n g  e f f o r t  o f  a p r o f e s s o r  
was provided as a continuous 1 / 4  t i m e .  
o t h e r  d u t i e s  and wi th  t h e  many i n t e r r u p t i o n s  during t h e  day, t h i s  mode o f  
o p e r a t i o n  d i d  not  provide an  e f f i c i e n t  use o f  t h e  p r o f e s s o r ' s  e f f o r t s .  
t e c h n i c a l  material j u s t  cannot be  done e f f i c i e n t l y  or e f f e c t i v e l y  i n  two hour 
s e c t i o n s ,  During w r i t i n g  p e r i o d s ,  a t  l e a s t  1 / 2  o f  t h e  p r o f e s s o r ' s  time should 
be a l l o t t e d ,  The minimum time e s t a b l i s h e d  f o r  t h e  two Monographs, HT-7 and 
HT-8, was accomplished with f u l l  t i m e  ass igned during t h e  a c t u a l  w r i t i n g  of  
t h e  Monograph by t h e  consu l t an t ,  D r .  Paul A.  Miller. 
With t h e  o t h e r  3/4 t i m e  ass igned  t o  
Wri t ing 
3. Di,ssemination of  Monographs and Visual  B r i e f s  
The t iming of  t h e  product ion of Monographs and Visua l  B r i e f s  w a s  
supposed t o  be  so t h a t  eva lua t ions  could be obta ined  from uses  i n  t h e  class- 
room dur ing  t h e  second semester  o f  t h e  academic yea r  s t a r t i n g  t h e  l as t  o f  
J m u a r y ,  1967,  The t iming could no t  be met, p r i m a r i l y  because o f  t h e  longe r  
t i m e  necessary  t o  w r i t e  a Monograph over t h a t  o r i g i n a l l y  expected.  The las t  
of t h e  o r i g i n a l  1 5  Monographs p l u s  2 a d d i t i o n a l  Monographs i n  t h e  Heat 
Trans fe r  area were not  completed u n t i l  t h e  end of  t h e  program on August 31, 
1967, 
Visual  B r i e f s  u n t i l  January,  a f t e r  which a l l  o f  t h e  reproduct ion  had t o  be 
handled. The de lays  i n  ob ta in ing  t h e  masters  from t h e  r e s e a r c h  c e n t e r s  
involved and t h e  a c t u a l  process ing  i n  t h e  commercial f i l m  l a b o r a t o r i e s  d i d  
n o t  make t h e  V i s u a l  B r i e f s  a v a i l a b l e  u n t i l  Apr i l ,  1967. This  de l ay  made t h e  
t i m e  much t o o  s h o r t  f o r  a p r o f e s s o r  t o  i nco rpora t e  t h e  material i n t o  a course  
i n  conjunct ion  wi th  h i s  o t h e r  m a t e r i a l  dur ing  t h e  Spring semester .  
There was a l s o  a de lay  i n  r ece iv ing  a l l  of  t h e  materials making up t h e  
Despi te  t h e  l a t e n e s s  o f  a v a i l a b i l i t y ,  s u f f i c i e n t  numbers o f  r e q u e s t s  
for t h e  materials were rece ived  t o  conclude t h a t  t h e r e  was both an i n t e r e s t  
i n  t h e  m a t e r i a l  and t h a t  t h e  methods o f  p u b l i c i z i n g  t h e i r  e x i s t e n c e  were 
e f f e c t i v e ,  I n  Table 1-3. of  Appendix I ,  t h e  s ta t is t ics  on d isseminat ion  of  
Monographs l i s t e d  by t h e  Monograph Number i s  shown. The t o t a l  number o f  
i n s t r u c t o r ' s  cop ie s ,  i n d i c a t i n g  ind iv idua l  p ro fes so r s  making r e q u e s t s ,  ranged 
from 1 2  t o  28 depending on t h e  Monograph. The t o t a l  r e q u e s t s  f o r  t h e  1 5  
Monographs were 290 i n s t r u c t o r ' s  copies and 1,481 s t u d e n t ' s  copies .  These 
1 2  
r e q u e s t s  came t h r m g h  c o n t a c t s  made by t h e  pe r sona l  ca l l s  of  t h e  s e n i o r  a u t h o r s ,  
t h e  d i sp lays  and papers  a t  t h e  meetings, and through word of  mouth. The l i s t  i n  
Table 1-1 as being u n f i l l e d  r e q u e s t s  for Monographs r e s u l t s  from n o t  having t h e  
reproduct ion  procsss  completed on t h e  p a r t i c u l a r  ones.  
Many of t h e  Monograph r eques t s  were f o r  j u s t  t h e  i n s t r u c t o r ' s  copy f o r  
eva lua t ion .  
r e s u l t e d  i n  t h e  two o t h e r  t a b l e s  i n  Appendix I des igna ted  Table 1-2 and Table  1-3. 
I n  Table 1-2, t h e  Monographs are l i s t e d  by u n i v e r s i t y  and department where both 
an i n s t r u c t o r ' s  copy and a d d i t i o n a l  s tudent  copies  were r eques t ed ,  i n d i c a t i n g  
a d e f i n i t e  inTent  of use i n  t h e  classroom, There a r e  1 3  d i f f e r e n t  u n i v e r s i t i e s  
l i s t e d  he re ,  In Table 1-3 t h e  Monographs are l i s t e d  by u n i v e r s i t y  department 
and p ro fes so r  for which j u s t  t h e  i n s t r u c t o r ' s  copy was reques ted .  
22 u n i v e r s i t i e s  r ep resen ted  he re  from which i t  i s  expected t o  r e c e i v e  some 
r e q u e s t s  f o r  s tuden t  copies ,  
The d isseminat ion  s t a t i s t i c s  were analyzed wi th  t h i s  i n  mind and 
There are  
S i m i l a r  information t o  t h a t  accumulated on Monograph d isseminat ion  and 
shown i n  Appendix I has  been developed for Visual  Briefs and i s  shown i n  
Appendix 11, I n  Table 11-1, t h e  number o f  r e q u e s t s  can b e  seen t o  range from 
0 t o  5 depending on t h e  Visual  Brief. 
2 1  Visua l  Briefs come t o  74 a t  t h e  time o f  t h e  completion of  t h e  c o n t r a c t .  
u n f i l l e d  r eques t s  for t h e  Visua l  Br ie fs  are f o r  use by p r o f e s s o r s  who want t h e  
Visua l  Br i e f  f o r  a p a r t i c u l a r  t ime during t h e  F a l l  Semester o f  t h e  academic 
y e a r  s t a r t i n g  September, 1967 .  The analyses  of d i sseminat ion  s ta t is t ics  on 
Visua l  B r i e f s  was made according t o  whether t h e  use was i n  t h e  classroom, shown 
i n  Table 11-2, o r  t h e  use  was for some o t h e r  purpose,  shown i n  Table 11-3. 
There were 1 6  d i f f e r e n t  u n i v e r s i t i e s  where t h e  expec ta t ion  i s  f o r  use i n  t h e  
classroom and 3 o rgan iza t ions  for miscel laneous purposes.  
The t o t a l  number o f  r e q u e s t s  f o r  t h e  
The 
The e f f e c t i v e n e s s  of  disseminat ion appears  t o  be reasonably  good f o r  
t h e  Monographs and no t  so  good f o r  t h e  Visual  B r i e f s .  
have 12  or more p ro fes so r s  involved.  Although a f a i r l y  wide range  o f  un ive r s i -  
t i e s  are involved,  none o f  t h e  Visual  Briefs have more than  5 r e q u e s t s  and 
VB-5 has  had no r e q u e s t s .  This i s  far from t h e  o r i g i n a l  g o a l  of  1 0  or more 
tes ts  o f  each Visua l  Brief ,  This appears t o  r e i n f o r c e  an impression obta ined  
e a r l y  i n  t h e  program o f  more r e luc t ance  t o  use moving p i c t u r e s  as supplementary 
educa t iona l  material .  compared t o  t h a t  of t h e  s p e c i a l l y  prepared w r i t t e n  material 
f o r  t h e  Monograph. The p ro fes so r s  who d i d  use t h e  Visua l  Briefs, i n  g e n e r a l ,  
f e l t  t h a t  ob ta in ing  p r o j e c t i o n  equipment was no t  a p a r t i c u l a r  nuisance or prob- 
lem, On t h e  o t h e r  hand, t h e  Monographs and t h e  Visua l  Briefs had e s s e n t i a l l y  
+he same exposure t o  p r o f e s s o r s ,  y e t ,  t h e  Monographs 
as o f t e n  as t h e  Visua l  Briefs a t  t h e  completion of  t h e  c o n t r a c t  on August 31, 1 9 6 7 ,  
A l l  o f  t h e  Monographs 
were r eques t ed  5.5 times 
4 ,  Monograph Evalua t ions  from Professors  
More eva lua t ions  from professors  have been rece ived  f o r  use o f  t h e  
Visua l  Briefs than  f o r  use of t h e  Monographs. 
more i n  r e sea rch  seminars while  t h e  Monographs are being used almost e n t i r e l y  
i n  classroom l e c t u r e s c  
c a n t  use i n  sp r ing  classes and t h e r e  were n o t  many classes conducted dur ing  t h e  
summer i n  most u E i v e r s i % i e s c  
i sh .  i n  t h e  summer poss ib ly  account ing f o r  t h e  l a r g e  number of eva lua t ions  f o r  
t h e  Vi sua l  Briefs, Fu r the r  d i scuss ion  on t h e  eva lua t ion  of  Visua l  B r i e f s  w i l l  
be  made i n  t h e  nex t  s e c t i o n .  
The Visua l  Briefs are being used 
Monographs were n o t  a v a i l a b l e  i n  time f o r  any s i g n i f i -  
On t h e  o the r  hand, t h e  r e sea rch  programs do f l o u r -  
1 3  
Only 5 of t h e  1 5  Monographs have been used by p r o f e s s o r s  and correspond- 
ing  eva lua t ion  s h e e t s  r e tu rned .  They a r e  HT-1 ,  HT-3, HT-4, TD-3, and CS-5 as 
shown i n  t h e  s ta t is t ics  c o l l e c t e d  from t h e  eva lua t ion  s h e e t s  i n  Appendix 111. 
Some s e l e c t e d  responses  from t h e  eva lua t ion  s h e e t s  have been t a b u l a t e d  by 
Monograph i n  Table 111-1. There are so few samples,  1 0  i n  a l l ,  t h a t  perhaps 
t h e  most s i g n i f i c a n t  information i n  the  t a b l e  a r e  t h e  t o t a l s  t a b u l a t e d  on t h e  
r i g h t  f o r  each response,  The t o t a l s  of a l l  responses  f o r  each check space on 
t h e  Monograph eva lua t ion  s h e e t  have been made and en te red  on a Monograph 
eva lua t ion  Form i n  Sec t ion  111-2 of  Appendix 111. 
by any p r o f e s s o r  on t h e  eva lua t ion  s h e e t s  are l i s t e d  for each Monograph i n  
Sec t ion  111-3 o f  Appendix 111. 
The w r i t t e n  comments made 
From t h e s e  eva lua t ions  some gene ra l  conclusions can be  made. 
number o f  samples i s  so small t h a t  any p o s i t i v e  conclusions would be  premature.  
The Monographs were mostly used i n  t h e  classroom r a t h e r  t han  i n  o t h e r  app l i ca -  
t i o n s ,  and none were used i n  r e sea rch  a s  such. 
familiar t o  most of t h e  i n s t r u c t o r s ,  t h e  formula t ion  o f  t h e  material i n  t h i s  
form was found s u i t a b l e  for use ,  Perhaps a d isappoin t ing  t h i n g  i n  t h e  e a r l y  
r e t u r n s  was t h e  number o f  t imes t h e  i n s t r u c t o r  d i d  n o t  r e q u i r e  t h e  s t u d e n t  t o  
work t h e  home problems. The format and t h e  amount of material seemed appro- 
p r i a t e  f o r  t h e  p ro fes so r s  involved,  and r e fe rences  were used i n  most ca ses .  
The g e n e r a l  obse rva t ion  o f  t h e  professors  submi t t ing  t h e  e v a l u a t i o n s  i s  t h a t  
a l l  thought  they  were o f  some use and h a l f  of  them f e l t  t h a t  Monographs would 
be  of g r e a t  a s s i s t a n c e  i n  t h e  classroom use.  I t  is  i n t e r e s t i n g  t o  no te  t h a t  
t h e  Monographs were used almost e n t i r e l y  i n  contex t  wi th  c l o s e l y  r e l a t e d  
m a t e r i a l  i n  course p r e s e n t a t i o n ,  whereas t h e  ma jo r i ty  d i d  not  use t h e  Visua l  
Briefs i n  conjunct ion  wi th  c l o s e l y  r e l a t e d  material. From t h e  w r i t t e n  comments 
i n  Sec t ion  11-3, t h e  f e e l i n g s  appear  t o  be  t h a t  t h e  Monograph concept i s  i n t e r -  
e s t i n g  and u s e f u l .  
Monograph format and t h e  l e v e l  i n  t h e  t e c h n i c a l  con ten t  f o r  which t h e  p a r t i c u l a r  
Monographs might be used. 
The 
Although t h e  material w a s  
Other comments inc lude  some s p e c i f i c  sugges t ions  on 
The number o f  eva lua t ions  i s  small, bu t  t h e r e  appears  t o  be no reason  
why t h e  Monograph would n o t  be an acceptab le  and d e s i r a b l e  supplementary a i d  
i n  t h e  classroom. 
c e r t a i n l y  c o n t r i b u t e  t o  ref inements  t h a t  w i l l  make t h e  Monographs even more 
e f f e c t i v e  i n  t h e i r  uses .  
Addi t iona l  eva lua t ions  i n  classrooms by p r o f e s s o r s  w i l l  
5. Visual  Brief Evalua t ions  from Pro fes so r s  
Some o f  t h e  s t a t i s t i c s  on the  use  and eva lua t ion  o f  Visua l  Briefs 
which were p r i m a r i l y  obta ined  from the  Visual  Brief Evaluat ion Shee ts  are 
shown i n  Appendix I V .  A s  was done f o r  t h e  Monograph t a b u l a t i o n s ,  some 
s e l e c t e d  information from t h e  eva lua t ion  s h e e t s  is  given by Visua l  Brief 
number i n  Table I V - 1 .  This t a b l e  i s  divided i n t o  p a r t  (A) on s p e c i f i c  recom- 
mendations f o r  Visual  B r i e f s  and p a r t  ( B )  on some gene ra l  recommendations f o r  
Visua l  B r i e f s .  
checked spaces  are summarized on one o f  t h e  Visua l  Brief Evalua t ion  Shee ts  
as p a r t  IV-2 o f  Appendix I V .  And f i n a l l y ,  i n  p a r t  IV-3, are a t a b u l a t i o n  o f  
a l l  of  t h e  comments w r i t t e n  i n  by t h e  p ro fes so r  on t h e  eva lua t ion  s h e e t s  
t a b u l a t e d  according t o  Visua l  B r i e f .  There are a reasonable  number o f  t h e s e  
comments which appear t o  be meaningful. The discrepancy between t h e  t o t a l  
cop ie s  s k n t  being 42 as shown i n  Table I V - 1 ,  Comment 1, and t h e  t o t a l  
The t o t a l e d  responses  from a l l  eva lua t ion  s h e e t s  o f  a l l  
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e v a l u a t i o n s  recrisred being 27  as shown i n  Table 11- 
who has not y e t  completed h i s  evaluat ion.  
t h e i r  e v a l u a t i o n s ,  many w i l l ,  b u t  they were n o t  a v a i l a b l e  a t  t h e  end o f  t h e  
c o a t r a c t  p e r i Q d o  
i s  caused by t h e  p r o f e s s o r  
Although some o f  them may n o t  r e t u r n  
From t h e s e  e v a l u a t i o n s  some general  conclusions can be made, again 
with t h e  r e s e r v a t i o n  t h a t  t h e r e  a r e  not enough samples t o  make conclusions wi th  
g r e a t  confidence,  There appears  t o  be more r e l u c t a n c e  by p r o f e s s o r s  t o  use t h e  
Visual  B r i e f s  as compared t o  t h e  Monographs as supplementary classroom m a t e r i a l ,  
The Visual  Briefs are used much more o f t en  f o r  purposes o u t s i d e  t h e  l e c t u r e  
classroom than  t h e  Monographs a r e ,  
s t u d e n r s  i n  r e sea rch  work, Those who used t h e  Visual  Briefs found them s u i t a b l e  
material t h a t  c o n t r i b u t e d  t o  understanding and f e l t  t h a t  t h e  material could n o t  
have been p resen ted  by any o t h e r  communication form as w e l l .  The l e n g t h  and 
format appeared t o  be a p p r o p r i a t e ,  and, a l though only h a l f  o f  t h e  p r o f e s s o r s  
responding r ead  t h e  supplementary m a t e r i a l ,  t hey  d i d  n o t  f ee l  t h a t  s p e c i a l  
p r e p a r a t i o n  o f  w r i t t e n  material (such as  a supplementary Monograph) would be 
e s p e c i a l l y  u s e f u l ,  There were s e v e r a l  w r i t t e n  comments t h a t  d i s a g r e e  with 
t h i s  (See f o r  i n s t a n c e  VB-33, Comment Number 2 ,  S e c t i o n  IV-3 o f  Appendix I V ) .  
Except f o r  some obvious except ions,  the Visual  Briefs were f e l t  t o  be t o o  
advanced f o r  undergraduates.  The Visual Briefs without  sound were f e l t  t o  be 
much less e f f e c t i v e  than  those  with sound. Some comments a l s o  i n d i c a t e d  t h a t  
a b e t t e r  d e s c r i p t i o n  o f  what was happening and why should have been included 
i n  those  t h a t  d i d  have sound. 
Predominantly, t hey  were used f o r  g radua te  
Although t h e  number of samples involved h e r e  i s  small, t h e  conclusions 
drawn above appear t o  be l o g i c a l  and should provide a p r o f i t a b l e  d i r e c t i o n  f o r  
f u t u r e  planning of such Vi sua l  Briefs. The only f u r t h e r  comment t h a t  might be 
made a t  t h i s  time i s  t h a t  no one appears t o  be i n t e r e s t e d  i n  t h e  8 mm systems, 
Whether t h e  p ro fes so r  does n o t  l i k e  the material, does n o t  l i k e  t h e  c a r t r i d g e  
f i l m  system without  sound, or whether t h e  system has n o t  been adequately s o l d  
i s  n o t  known, 
6 ,  "Education Briefs" t o  Industry 
The NASA Technology U t i l i z a t i o n  Divis ion has  i n  o p e r a t i o n  a method of 
sending one page "Tech Briefs" t o  indus t ry  on s u b j e c t s  gene ra t ed  i n  NASA 
r e s e a r c h  t h a t  might be a p p l i c a b l e  t h e r e ,  A s  a c o r o l l a r y  t o  t h i s  program, 
M r ,  Kenneth T o  Jacobs of t h e  Technology U t i l i z a t i o n  O f f i c e  of  t h e  Goddard Space 
F l i g h t  Center  produzed one page "Education Br i e f s "  from t h e  a b s t r a c t s  of  f o u r  
o f  t h e  Monographs, t h r e e  i n  Heat Transfer and one i n  Thermodynamics. M r .  Jacobs 
rou ted  t h e s e  t o  t h e  i n d u s t r i a l  companies normally r e c e i v i n g  t h e  "Tech Br i e f s "  
and ob ta ined  a very f avorab le  response compared t o  t h e  r a t i n g s  normally 
obtained f o r  such exposures ,  There were 243 approaches o f  which 36 p e r  cen t  
responded. 
n e g a t i v e  and 14 p e r  c e n t  were o t h e r  responses.  This response by i n d u s t r y  t o  
t h e  Monographs g ives  a s i g n i f i c a n t  support  t o  t h e  requirement o f  g e t t i n g  new 
technology as r a p i d l y  as p o s s i b l e  in to  use i h r o e h  s p e c i a l  p r e p a r a t i o n  of 
e d u c a t i o n a l  materials, 
O f  t hose  responding 70 per c e n t  were p o s i t i v e ,  1 4  p e r  c e n t  were 
1 5  
H ,  Some Cost Figures  from Program ImDlementation 
This program i n  producing and t e s t i n g  w r i t t e n  and v i s u a l  materials 
as supplementary a i d  i n  engineer ing education has been a r e s e a r c h  program i n  
t h a t  t h e  techniques and formats were developed as w e l l  as a c t u a l  p roduc t s  
produced, 
probable u n i t  c o s t  i n  a cont inuing program o f  t h i s  t y p e ,  it i s  d i f f i c u l t  t o  
s e p a r a t e  t h e  development c o s t s  from the product ion c o s t s  i n  t h e  o r i g i n a l  
program, 
program might be h e l p f u l  i n  making some i n i t i a l  estimates of c o s t  o f  p roduc t ion ,  
I n  t h e  fol lowing s e c t i o n s ,  t h e s e  c o s t s  have been d iv ided  according t o  some 
major budget a r e a s ,  
I n  analyzing t h e  c o s t  f i gu res  necessa ry  t o  be a b l e  t o  provide a 
Nevertheless ,  any estimate of t h e  c o s t  a l lo tmen t  from t h e  o r i g i n a l  
1 Preparat ion.  of Monographs 
The c o a t s  l i s t e d  below by Monograph numbers are d iv ided  by s e n i o r  
au tho r ,  The c o s t s  included were t h e  a u t h o r ' s ,  t h e  g radua te  a s s o c i a t e ' s ,  t h e  
s e c r e t a r y ' s ,  and t h e  s p e c i a l  s e r v i c e ' s  t i m e  necessa ry  t o  sea rch  f o r  materials, 
e s t a b l i s h  procedures ,  w r i t e  t h e  Monographs, o b t a i n  t e c h n i c a l  approvals  from 
o r i g i n a l  a u t h o r s ,  and make c o r r e c t i o n s  r e q u i r e d  f o r  t h e  Monographs l i s t e d .  
John A ,  Wiebelt 
HT-1, HT-3, HT-4 
HT-7, HT-8 
Kenneth J, B e l l  
HT-2, HT-5, HT-6 
Wayne Edmister 
TD-3, TD-4 
K. C ,  Chao 





$6 , 800 
W i l l i a m  A.  Blackwell 
CS-1, CS-2, CS-3, CS-4, CS-5, CS-6 $19 , 800 
These f i g u r e s  inc lude  t h e  s t anda rd  overhead, vaca t ion ,  personnel  b e n e f i t s ,  e t c .  , 
normally r e q u i r e d  f o r  t h e s e  persons but does n o t  i nc lude  t h e  c o s t s  o f  t h e  
Program Admin i s t r a to r ' s  o f f i c e ,  The average c o s t  t hen  t u r n s  ou t  t o  be about 
$3,700 p e r  Monograph wi th  a low of $850 p e r  Monograph and a high of about 
$5,000 p e r  Monograph. 
2, Reproduction o f  Monographs 
Following t h e  typ ing  o f  t h e  f i n a l  Monograph on m u l t i l i t h  mats t h e  
r ep roduc t ion  c o s t s  p e r  Monograph can b e  determined q u i t e  a c c u r a t e l y .  
t o t a l  c o s t  of d r a f t i n g  s e r v i c e s ,  a r t  s e r v i c e s ,  and product ion o f  t h e  f r o n t  
and back covers  f o r  t h e  f irst  1 5  Monographs came t o  $1,094, 
running t h e  r ep roduc t ion  p rocess ,  assembling, and binding came t o  $1,177 for 
t h e  first 0 Monographs, These. f i g u r e s  r e s u l t  i n  averages of $73 and $130 
p e r  Monograph, r e s p e c t i v e l y  or a t o t a l  o f  $203 p e r  Monograph f o r  t h e  average. 
This r e s u l t e d  i n  100  I n s t r u c t o r ' s  copies and 400 S t u d e n t ' s  cop ie s  o f  each 
Monograph, 
The 
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3, Review and S e l e c t i o n  o f  Visual Briefs 
An es t ima te  of t h e  t o t a l  time used by t h e  s t a f f  i n  reviewing and 
s e l e c t i n g  t h e  Visua l  Briefs t o g e t h e r  with an e s t i m a t e  o f  equipment and o p e r a t o r  
c o s t s  r e s u l t s  i n  an estimate of about $2,200 f o r  t h i s  s e r v i c e .  
was much g r e a t e r  t han  t h i s  i n  t h e  proposed budget a t  t h e  s ta r t  o f  t h i s  program, 
The d i f f e r e n c e  r e s u l t e d  from t h e  dec is ion  t o  make no a l t e r a t i o n s  t o  t h e  Visua l  
Briefs and t o  prepare  no d e t a i l e d  i n s t r u c t o r ' s  guide bu t  r a t h e r  a g e n e r a l  
i n s t r u c t o r ' s  guide f o r  t h e i r  use by the  p r o f e s s o r s .  
This  f i g u r e  
1 
4.  Reproduction o f  Visual  Briefs 
The u n i t  c o s t  p e r  f o o t  f o r  the  va r ious  s t a g e s  o f  reproducing c o l o r  
and b lack  and whi te  f i l m  are given from t h e  low b idde r ,  Hollywood F i l m  
E n t e r p r i s e s ,  
Eastmancolor, Sound 
1 - I n t e r n e g a t i v e  from A and B roll o r i g i n a l  
1 - Opt ica l  sound t r a c k  from magnetic t a p e  
1 - F i r s t  t r i a l  Eastman Color Answer P r i n t  
9 - Eastmancolor release p r i n t s  
Eastmancolor. S i l e n t  
$. 2 7 / f t  
. 125 / f t  a 
D l l / f t  * 
075 / f t  
1 - I n t e r n e g a t i v e  from A and B roll o r i g i n a l  $ 2 7 / f t  e 
. 1 0 / f t  0 
9 - Eastmancolor release p r i n t s  . 065 / f t  
1 - F i r s t  t r i a l  Eastmancolor s i l e n t  answer p r i n t  
Black  and White, S i l e n t  
1 - Black and whi te  dupe negat ive  from r e v e r s a l  
9 - Alack  and white  r e l e a s e  p r i n t s  
o r i g i n a l  
$ .125/ f t .  
0392/ f t  
There were a t o t a l  o f  11 Visual  B r i e f s  reproduced under t h e s e  c o s t  f i g u r e s  wi th  
Hollywood F i l m  En te rp r i se s  f o r  a t o t a l  c o s t  f i g u r e  of  $5,763. 
Visua l  B r i e f s  from Langley Research Center t h a t  were reproduced a t  Byron Motion 
P i c t u r e s ,  Inc . ,  f o r  a t o t a l  c o s t  of $2,233. Thus, t h e  t o t a l  c o s t  f o r  reproduc- 
t i o n  o f  15 Visual  B r i e f s  pa id  f o r  from t h i s  c o n t r a c t  w a s  $7,996. The res t  o f  
t h e  6 Visua l  Briefs used i n  t h e  eva lua t ion  program were supp l i ed  i n  t h e  
a p p r o p r i a t e  number o f  copies  by t h e  NASA Western Support  Office. 
There were f o u r  
I C  Conclusions and Recommendations 
The i n i t i a l  o b j e c t i v e  o f  t h e  NASA P i l o t  Program a t  Oklahoma S t a t e  
Un ive r s i ty  was t o  reduce t h e  t ime between d iscovery  of  s p e c i f i c  s c i e n t i f i c  
and engineer ing  information and i ts  use i n  t echno log ica l  development. Our 
i n i t i a l  experience i n  producing and using Monographs c r e a t e d  f o r  supplementary 
use i n  t h e  classroom l e a d s  us t o  be l ieve  t h a t  we have produced a mechanism 
f o r  reaching  t h i s  o b j e c t i v e .  
educa t iona l  material and have reduced t h e  t i m e  between development o f  a 
The Monographs are u s e f u l  as supplementary 
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t echno log ica l  achievement and i t s  in t roduc t ion  t o  engineer ing  s t u d e n t s  and 
p r a c t i c i n g  engineers .  
of t h i s  t ype  t o  ind iv idua l s  i n  indus t ry  as was shown through t h e  "Education 
Brief" experiment.  Perhaps more important ,  t h e  same document used i n  t h e  
classroom provides  t h e  informat ion  w i t h  a m u l t i p l i c a t i v e  e f f e c t  by exposure 
t o  s t u d e n t s  who soon a r e  t h e  p r a c t i c i n g  engineers  i n  indus t ry  who w i l l  have 
t h e  new technology wi th  which t o  work. The use o f  Visua l  Briefs c r e a t e d  i n  
NASA r e sea rch  c e n t e r s  a r e  perhaps more d i f f i c u l t  t o  des ign  f o r  s p e c i f i c  
classroom use than  t h e  Monographs are but they  provide a v i s u a l  ex tens ion  
of p re sen t ing  material t h a t  cannot b e  e a s i l y  presented  o therwise  through 
j u s t  t h e  w r i t t e n  form. 
They provide an appropr i a t e  method t o  g e t  in format ion  
The concepts developed i n  t h e  NASA P i l o t  Program are obviously a p p l i -  
cab le  t o  r e sea rch  and development documents r e p o r t i n g  on t h e  c r e a t i o n  o f  new 
technology from any o rgan iza t ion ,  There a r e  s p e c i a l  problems i n  seeking  
a p p r o p r i a t e  m a t e r i a l  and choosing sub jec t  a r e a s ,  bu t  a mode of  ope ra t ion  
developed f o r  t h e  NASA genera ted  m a t e r i a l  could be p laced  i n t o  ope ra t ion  i n  
t h e  Atomic Energy Commission, t h e  Department of  Defense, or any i n d u s t r i a l  
l a b o r a t o r y  producing appropr i a t e  documents. 
has been made i n  determining an e f f e c t i v e  and e f f i c i e n t  means o f  producing 
Monographs u s e f u l  i n  t h e  classroom during t h e  c o n t r a c t .  The most s a t i s f a c t o r y  
technique  i s  no t  unique, s i n c e  it va r i e s  wi th  s e n i o r  au tho r s  and s u b j e c t  matter. 
The sources  o f  information even from j u s t  t h e  NASA organ iza t ions  have n o t  been 
i n v e s t i g a t e d  s u f f i c i e n t l y  t o  e s t a b l i s h  t h e  needed confidence i n  t h e  r e s u l t s  
from l i t e r a t u r e  searches .  F i n a l l y ,  the  Monographs and t h e  Visua l  B r i e f s  need 
f u r t h e r  use i n  t h e  f i e l d  wi th  eva lua t ions  by t h e  u s e r s  as t o  t h e i r  e f f e c t i v e -  
nes s  t o  confirm t h e  i n i t i a l  conclusions and al low r e f i n i n g  of  t h e s e  
supplementary educa t iona l  a i d s  r e s u l t i n g .  
A s i g n i f i c a n t  amount o f  progress  
I n  a d d i t i o n  t o  t h e  refinement o f  t h e  searching  techniques  and t h e  
modes of ope ra t ion  d e s i r a b l e  i n  t h e  NASA program, working i n  o t h e r  areas o f  
technology than  those  genera ted  by NASA i s  o f  most importance.  
o rgan iza t ion  i s  ahead of  o t h e r  f e d e r a l l y  sponsored o rgan iza t ions  i n  t h e  u s e  
of technology " t o  i n s u r e  t h a t  developments from NASA's s c i e n t i f i c  and tech-  
n o l o g i c a l  programs be r e t r i e v e d  and made a v a i l a b l e  t o  t h e  maximum e x t e n t  f o r  
t h e  n a t i o n ' s  i n d u s t r i a l  b e n e f i t  i n  t h e  s h o r t e s t  p o s s i b l e  time . . .", (Quot ing  
NASA Adminis t ra tor  James E.  Webb i n  h i s  d e f i n i t i o n  of  t h e  Technology 
U t i l i z a t i o n  Program). To al low a l a r g e  comprehensive recovery of much o f  t h e  
technology throughout f e d e r a l l y  sponsored programs, f o r  i n s t a n c e ,  f u r t h e r  
exper ience  is  most d e s i r a b l e  i n  c rea t ing  Monographs from materials r e s u l t i n g  
from sea rches  i n  each of  t h e  sponsoring o rgan iza t ions .  We are  convinced t h a t  
t h e  educa t iona l  procedure i n v e s t i g a t e d  under t h e  NASA P i l o t  Program has as 
good as ,  or a b e t t e r  oppor tuni ty  of  insur ing  Adminis t ra tor  Webb's g o a l  f o r  t h e  
Technology U t i l i z a t i o n  Program as any technique y e t  devised.  
The NASA 
APPENDIX I 
MONOGRAPH DISSEMINATION STATISTICS 




MONOGRAPH DISSEMINATION STATISCS 
THROUGH AUGUST 31, 1967 
Dissemination Summary by Monograph Number 
Monograph Instructor's Student's 

















































Unfilled Requests Evaluations 
Instructor's Student's Received 
1 0 0 

















16 62 0 
24 '131 0 
1 22 0 
0 0 1 
0 0 0 - 
84 384 9 
1-2 
TABLE 1-2 
MONOGRAPH DISSEMINATION SUMMARY BY UNIVERSITY 
FOR CLASSROOM USE 
Monograph I n s t r u c t o r ' s  Student Evaluations 
Universi ty  Department Numbers Copies Copies Received 


























2. Michigan S t a t e  Chemical HT-1 1 10 
Unive r s it y Erigineering HT- 4 1 10  
HT- 5 1 10 
HT-6 1 10 
TD-1 1 10 
3. Pennsylvania Mechanical 
S t a t e  Engineering 















1 2  
12 
1 2  
1 2  
12 
1 2  
22 
4. Southern I n s t i t u t e  of cs-1 1 20 
Methodist Technology cs- 2 1 20 
Universi ty  cs-3 1 20 
cs-4 1 20 
cs- 5 1 20 
CS-6 1 20 
I- 3 
TABLE 1-2 (Continued) 
Univers i ty  
5 .  Tulane 
Univers i ty  
6. United S t a t e s  
Naval Academy 
7. Univers i ty  of 
Arizona 
8. Un ive r s i ty  of 
C inc inna t i  
9. Un ive r s i ty  of 
Michigan 
Monograph I n s t r u c t o r ' s  Student  Evalua t ions  








































HT- 3 1 20 
HT-4 1 20 
Chemical HT-1 1 5 
Engineering HT- 3 1 5 
HT-4 1 50 
HT- 6 1 50 
Aerospace HT-1 1 15 
Engineering HT- 2 1 15 
HT- 3 1 15 
HT-4 1 15  
TD-1 1 30 
TD-3 1 30 
Chemical cs-4 
Engineering cs- 5 






Chemical and TD-1 









1 .  25 
1 '  15 
1 15 
1 1 5  
Yes 
1-4 
TABLE 1-2 (Continued) 
Monograph Instructor 's  Student  Evalua t ions  
Un ive r s i ty  Department Numbers Copies Copies Received 
10. Univers i ty  of Mechanical HT-1 





2 15 Yes 
2 15 
2 15 
2 1 5  
11. Unive r s i ty  of Chemical TD-3 1 18 
Southern Engineer ing 
C a l i f o r n i a  
12, Univers i ty  of E l e c t r i c a l  HT-1 









13, Unive r s i ty  of Mechanical HT- 3 1 1 0  
V i r g i n i a  Engineer ing HT-4 1 10 
I,- 5 
TABLE 1-3 
MONOGRAPH DISSEMINATION SUMMARY BY UNIVERSITY 
FOR REVIEW BY PROFESSOR 
Monograph 
Number Un ive r s i ty  Department Professor 
1. Cornel1 Univers i ty  Chemical Engineering Vic tor  H. Edwards c5-4 
c5-5 
c5-6 
2. C i ty  Univers i ty  Chemical Engineering Robert A. Graf f 
of N e w  York 
P. L. Miller Mechanical 
Engineering 
3. Kansas S t a t e  
Univers i ty  
4. Massachuset ts  
I n s t i t u t e  of 
Technology 
5. Michigan S t a t e  
Un ive r s i ty  
6. Oklahoma 
Unive r s i ty  
E l e c t r i c a l  
Engineering 




























Chemical Engineering C. P. Colver 






TABLE 1-3 (Continued) 
Un ive r s i ty  Department P r o f e s s o r  
7. Pennsylvania  S t a t e  Mechanical D. R. Olson 
Univers i ty  Engineering 
C. Bi rn ie ,  Jr. 
8. S a i n t  Louis 
Un ive r s i ty  
9. Southern 
Methodist 
Univers i ty  
Aerospace 
Engineering 
I n s t i t u t e  of 
Technology 
F. W. Schmidt 
J. L. L. Baker 
J .  A. Brighton 
D. A. Bowlus 
J. L. Shearer  
Benjamin H. Ul r ich  
John A. George 












































TABLE 1-3 (Continued) 
Univers i ty  DeDartment 
10. Un ive r s i ty  of  Aerospace and 
Arizona Mechanical 
Engineering 
11. Univers i ty  of Aerospace 
C inc inna t i  Engineering 
12 .  Univers i ty  of E l e c t r i c a l  
Denver Engineering 
P ro fes so r  
Andrew S. Page 
F. U. Tatum 
Harvey Chr is tensen  
H. C. Perk ins  
Widen Tabakoff 
M. L. Moe 
13. Univers i ty  of Chemical Engineering A. D. Randolph 









































Unive r s i ty  
TABLE 1-3 (Continued) 
Monograph 
Professor Number 
14. Un ive r s i ty  of Chemical and W .  I. Honeywell 
Houston Petroleum Engineering 
15.  Un ive r s i ty  of Chemical Engineering Dan Luss 
Michigan and Meta l lu rg ica l  S. W. C h u r c h i l l  
Engineering 
16. Un ive r s i ty  of 
Nebraska 
17. Un ive r s i ty  of Electrical  
Tennessee Engineering 
18. Un ive r s i ty  of 
Texas 
D. R. Haworth 
J. C. Hung 





































TABLE 1-3 (Continued) 
Un ive r s i ty  Department 
19. Un ive r s i ty  of 
V i r g i n i a  
20. Utah S t a t e  
Un ive r s i ty  
21.  West V i r g i n i a  
Un ive r s i ty  







James W .  Moore 
R. M.  Holdredge 
Engineering J. F. Parmer 
Experiment S t a t i o n  


























A P P E N D I X  I1 
V I S U A L  B R I E F  D I S S E M I N A T I O N  S T A T I S T I C S  




VISUAL BRIEF DISSEMINATION STATISTICS 
THROUGH AUGUST 31, 1967 























































































VISUAL BRIEF DISSEMINATION SUMMARY BY UNIVERSITY 
FOR CLASSROOM USE 
Unive r s i ty  
1. Auburn Universi ty  
2. Michigan S t a t e  
Un ive r s i ty  
3. Oklahoma 
Unive r s i ty  
Department P ro fes so r  
Mechanical 
Engineering 
Elec t r ica l  
Engineering 
5. ' R u t g e r s ,  The 
S t a t e  Universi ty  
6. United S t a t e s  
Naval Academy 
7. Un ive r s i ty  of 
C a l i f o r n i a  a t  
Los Angeles 
R. I ,  Vachon 
Chemical Engineering C. P h i l l i p  Colver 
and Materials Science 
4. Pennsylvania S t a t e  Mechanical 
Un ive r s i ty  Engineering 
8 .  Unive r s i ty  of 
C i n c i n n a t i  
Gerald Park 
J. L. Shearer  
F. W. Schmidt 
J. A. Brighton 
D. R. Olson 
C. B i r n i e ,  Jr. 
A. D.  Brickman 
Mechanical and Robert H. Page 
Aerospace Engineering 
James A. Adams 
T. K. K. Frederking 
Chemical Engineering Rohert L e m l i c h  






























TABLE 11-2 (.Continued) 
11-3 
Un ive r s i ty  
9. Univers i ty  of 
F l o r i d a  
10.  Univers i ty  of  
Houston 
11. Unive r s i ty  o f  
I l l i n o i s  
1 2 .  Un ive r s i ty  of  
P i t t s b u r g h  
13. Univers i ty  of 
Tennessee 
14. Univers i ty  of 
Vi rg in i a  
15 .  Utah S t a t e  
Univers i ty  
1 6 .  V i r g i n i a  
Poly technic  
I n s t i t u t e  
Visual Brief 
Department Prof e s sor Number 
Chemical Engineering A. D. Randolph VB-13 















C i v i l  Engineering 
Universi ty  of 
Tennessee Space 





I n d u s t r i a l  
Engineering 
T. M. Reed 
W .  I. Honeywell 
R. A. Schmitz 
J o e l  I .  Abrams 
R. L. Young 
James 61. Moore 
R. M.  Holdredge 























VISUAL B R I E F  DISSEMINATION SUMMARY 
MISCELLANEOUS REVIEWS 
Organization Reviewer 
I. Project Genus, Paul D. Arthur 
Cape Kennedy 
2. University of R. L. Young 
Tennessee 





To establish a list of VB-1 
appropriate movies, VB-17 
visual aids, and various VB-24 
other topics involving VB-31 
aeronautics or astronau- 
tical engineering. 
To be used in the VB-33 
Radiation Short Course 
For review by graduate 0 - 2 4  
students and faculty for VB-31 
NASA research on impact 
of space vehicles on soils 
A P P E N D I X  111 





3 ,  
4, 
5 ,  
6 ,  
7 ,  










Copies Sent for Evaluat ion 
Used for purposes o u t s i d e  
classroom or r e sea rch  
Used i n  classroom 
Used for students i n  
r e sea rch  seminar 
Found s u i t a b l e  for use 
Found unsu i t ab le  for use 
Mate r i a l  new t o  i n s t r u c t o r  
Material w e l l  known t o  
i n s t r u c t o r  
S tudents  worked home 
problems 
Students  d i d  not work 
home problems 
Average hours o f  classroom 
l e c t u r e  r equ i r ed  
Amount of  material Greater 
should be Same 
Less 
References Used Yes 
No 
Monograph Usefulness  Great 
Could B e  Some 
L i t t l e  
Monograph Fcrrnat Good 
Pcor 
TABLE 111-1 
S UMMARY EVALUATIONS 
BY MONOGRAPH 
































































































































Totaled Responses on a Monograph Evalua t ion  Sheet  
Comments '33 Monograph from Classroom Use 
1, The Monograph (was 7 , w a s  no t  2 1 used i n  a classroom s i t u a t i o n .  
I -
2 ,  The Monograph (was 8 was not  1 used i n  contex t  wi th  c l o s e l y  r e l a t e d  - - 
m a t e r i a l  i n  t h e  course p re sen ta t ion .  
3, The Monograph (was 4 was no t  1 ) used f o r  t h e  course  descr ibed  i n  t h e  - -
" I n s t r u c t o r  ' s Guide for Monographs" 
The Monograph (was 6 , was not" 1 1 found s u i t a b l e  f o r  t h e  course  i n  which 
i t  was used. 
- -
5,  The t e c h n i c a l  in format ion  presented i n  t h e  Monograph was (new t o  m e  2 , 
w e l l  known t o  m e  5 1 and (new t o  my s t u d e n t s  7 w e l l  known t o  my 




6 ,  The t e c h n i c a l  in format ion  i n  t h e  Monograph ( d i d  7 , d i d  not"  2 1 c o n t r i b u t e  - -
t o  f u r t h e r  understanding of t h e  course m a t e r i a l  by t h e  s t u d e n t s  i n  t h i s  
course  
7 .  The home problems i n  t h e  Monograph (were 2 were no t  5 ) ass igned  t o  t h e  - -
s t u d e n t s  i n  t h e  cau r sec  
8. The home problems i n  the  Monograph were ( u s e f u l  5 t o o  complex 0 , t o o  - -
simple 0 unnecessary 0 l o  - - 
9 .  The amount of m a t e r i a l  f o r  t h e  Monograph was found t o  be s u i t a b l e  f o r  - -  
p r e s e n t a t i o n  i n  (:I hours of classroom lecture .  
1 0 .  The amount of matsrial for t h i s  Monograph should be made (longer 2 , 
same 5 , s h o r t e r  i ) t o  have maximum e f f e c t i v e n e s s  i n  c l a s s .  -- -
11. The r e fe rence  b ib l iography !was 5 was no t  2 used and (was 3 w a s  
n o t  1 1 3 necessary  requirement t o  g a i n  a d d i t i o n a l  information on 
Monograph subject 
"Addit ional  In fo rna t ion  on classroom use o f  Monograph: 
I_ - - -
.r. 
12, 
Recommendations on Monographs i n  General 
1, Monographs of t e c h n i c a l  l i t e r a t u r e  such as t h i s  could be  of ( g r e a t  3 , 
some 
-
l i t t l e "  - 0 use t o  m e  i n  my course  p r e s e n t a t i o n ,  
111-3 
2,, Monographs should inc lude  (more" 3 less" 0 no change i n  5 material - - - 
over t h a t  given here ,  
3,  The gene ra l  r e f e r e n c e  bibl iography (should 6 should n o t  0 i nc lude  - - 
information as ?o what i s  a v a i l a b l e  i n  each r e f e r e n c e ,  
4 0  The format o f  .;he Monograph is considered (good 0 could be b e t t e r "  1 
-9. - - 




5, "Addit ional  g e n e r a l  recommendations on Monographs: 
111-4 
APPENDIX 111-3 
Comments on Monographs from Pro fes so r  Eva lua to r s  
HT-1:  Ca lcu la t ion  of Radiant Heat Exchange by t h e  Monte Car lo  Method 
1. I d i d  n o t  r e q u i r e  t h e  s tudents  t o  program and ope ra t e  t h e  technique 
(as  a resuls:  t h e i r  knowledge o f  i t  i s  somewhat s u p e r f i c i a l ) .  
them for a flow c h a r t  of the  program t o  be wr i t t en .  
s d f f i c i e n t  f o r  some, but n o t  t h e  ma jo r i ty ,  (Un ive r s i ty  of F l o r i d a )  
I asked 
This  might be 
2 -  I rece ived  t h e  Manograph too l a t e  i n  t h e  schoo l  y e a r  for proper  
usage? I w i l l  ~ s e  it n e w t  yea r ,  (Un ive r s i ty  o f  Nebraska) 
HT-3: Method of  Es t imat ing  Rat io  o f  Absorptance t o  Emittance 
1, Material i s  elementary and I f a i l  t o  see i t s  t e c h n i c a l  va lue  f o r  
r a d i a n t  hea t  t r a n s f e r ,  (Univers i ty  of Arizona) 
HT-4: Formulas f o r  Radiant Heat Transfer  Between Non-gray P a r a l l e l  P l a t e s  of  
Pol i shed  Refractcrv Mater ia l s  
1, A paragraph o f  i n t roduc t ion  is  needed be fo re  t h e  a n a l y s i s  s e c t i o n .  
I t  w c u l d  a i d  t h e  i n c e n t i v e  and understanding of  t h e  s t u d e n t s  t o  
in t roduze  tkem TO t h e  problem wi th  information such as why t h e  
research  w a s  necessary ,  how it was conducted, and how t h e  r e s u l t s  
have been used i.n s p e c i f i c  space a p p l i c a t i o n s .  On t h e  whole I 
f ee l  t h a t  t hese  movographs w i l l  s e r v e  a u s e f u l  purpose ,  (United 
S t a t e s  Naval Academy) 
CS-5: C o n t r o l l e r  Design f o r  Nonlinear and Time-Varying P l a n t s  
1, Since t h e  monograph a r r i v e d  i n  t h e  summer t h e r e  has  n o t  been an 
oppor tuni ty  t o  eva lua te  it i n  a classroom s i t u a t i o n ,  but  I do 
have some comments t o  make on it, I th ink  t h e  i d e a  and g e n e r a l  
format of the Monograph is good. This  p a r t i c u l a r  Monograph p r e s e n t s  
an i n t e r e s t i n g  and u s e f u l  approach, 
Monograph s e r i e s  and would apprec i a t e  being put  on t h e  mai l ing  
l i s t  f o r  a l l  Monographs dea l ing  wirh c o n t r o l  systems,  
of  Texas) 
I a m  i n t e r e s t e d  i n  t h e  
(Un ive r s i ty  
TD-3: C r i t i c a l  Flow of  Real Gases Through Nozzles 
1. We used t h e  Monograph II 
Thermodynamics for undergraduates ,  
t h i s  and t h i s  i s  admit tedly t o o  l i t t l e  t o  g i v e  t h e  Monograph f u l l  
t r ea tmen t ,  Also, c l e a r l y  t h i s  material i s  more s u i t a b l e  f o r  first 
y e a r  graduate  s t u d e n t s .  My own opinion o f  t h i s  Monograph i s  t h a t  
it i s  an e x e e l i e n t  d i scuss ion  o f  va r ious  ways t o  determine c r i t i c a l  
flow condi t ions .  I t h i n k  it i s  something graduate  s t u d e n t s  should 
have a v a i l a b l e  t o  them. It should probably be used f o r  g radua te  
s tudy  as a textbook supplement. For undergraduates ,  t h e  Monograph 
proceeds too  r ap id ly .  R e i t e r a t i n g ,  I th ink  t h i s  i s  a n i c e  
r e p o r t  but  a l i t t l e  t o o  s o p h i s t i c a t e d  for s e n i o r s .  . . a Thanks 
f o r  the  oppor tuni ty  t o  use  t h i s  program, 
p r i v i l e g e  o f  us ing  another  one t h i s  coming f a l l .  (Un ive r s i ty  of 
Southern C a l i f o r n i a  1 
a t  t h e  end o f  our  y e a r ’ s  course  i n  
Only one hour was devoted t o  
I hope t o  have t h e  
APPENDIX IV 
VISUAL BRIEF EVALUATIONS 
I V - 1  
TABLE I V - 1  
SOME SUMMARY EVALUATIONS 
BY VISUAL BRIEF 
A. Spec i f i c  Recommendations for 
Visual Briefs 
Research Center Where Produced 
VISUAL BRIEF NO. 2 4 9 10 I2 13 15 23 28 8 ll 31 24 27 -
3 2  
0 0  
1 0  
1 2  
0 0  
1 0  
0 0  





































. 17 19 21 
0 4 3 1 3 3 2 0 0  
0 0 0 0 0 0 0 0 0  
1. 
2. 
Copies sent  for evaluat ion.  
Used for  purposes ou t s ide  
of c l a s s  and research.  
Used i n  t h e  classroom. 
Used for  s tuden t s  i n  
r e sea rch  seminars. 
0 1 1 3  
0 0 0 1  
3 3 4  
1 1 0  
0 0 1  
0 0 0  
0 0 1  
0 1 0  
0 0 0  
0 0 1  
0 0 1 1  
0 1 0 1  
0 1 0 0 0 0 0 0 0  





Found s u i t a b l e  for use. 
Found unsu i t ab le  f o r  use. 
0 1 1 1  
0 0 0 0  
0 3 2 1 1 2 2 0 0  
0 0 0 0 1 0 0 0 0  
0 0 0 0 0 0 0 0 0  
0 2 1 1 2 1 1 0 0  
7. 
8 .  
Ma te r i a l  new t o  i n s t r u c t o r .  
Ma te r i a l  w e l l  known t o  
i n s t r u c t o r .  
0 0 0 1  
0 1 0 0  
0 1 1 1  0 2 1 1 1 1 1 0 0  0 0 1  0 1  0 0 2 14 
0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0  0 0  0 0 0 0 
Mate r i a l  con t r ibu ted  
t o  understanding. 
Ma te r i a l  d i d  not con t r i -  




0 0 0 0  
0 0 0  0 0 0 0 0  
0 2 1 0 2 1 0 0 0  
0 0 1  
0 0 0  
0 2  
0 0  
11. 
12. 
I n s t r u c t o r  read documents 
before  using Visual Brief .  
I n s t r u c t o r  d i d  no t  read 
documents be fo re  using. 
0 
0 0 0 0  
0 1 1 1  
0 1 0 0 1 0 0 0 0  
0 1 1 1 1 1 1 0 0  
0 0 0  
0 0 1  
0 0  
0 2  
2 
15 
13. Material could have been 
p resen ted  a s ' w e l l  o r a l l y .  
Ma te r i a l  could no t  have been 
presented a s  we l l  o r a l l y .  
14. 
TABLE IV-1 (Continued) 
B. Some General Recommendations 
or Visual Briefs 
IV-2 
Research Center Where Produced 
VISUAL BRIEF No. 1 1 7 1 9 2 1  2 4 9 1 0 1 2  131523 28 8 ll 31 20 5 33 Tota ls  
1. Usefulness of Great 0 0 1 0  0 0 0 0 0 0 0 0 0  0 0 0  1 0  0 0 2 4 
Visual Briefs. 
Some 0 1 0 1  0 2 1 1 2 1 1 0 0  0 0 1  0 2  0 0 2 15 
L i t t l e  0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 0  0 0  0 0 0 0 
2. Adequacy of  amount T o o L i t t l e  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 
T o o M u c h O O O O  0 0 0 0 0 0 0 0 0  0 0 0  0 2  0 0 0 2 
of  material. 
Al r ight  0 1 1 1  0 1 0 1 0 0 0 0 0  0 0 1  0 0  0 0 3 9 
3. More s u i t a b l e  Probably 0 0 0 0  0 1 1 1 1 1 1 0 0  0 0 0  0 2  0 0 1 
out s ide  t h e  
classroom. P r o b . N a t O O 1 0  0 1 0 0 1 0 0 0 0  0 0 1  0 0  0 0 3 
4. Usefulness with More 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 1  0 0  0 0 2 
s p e c i a l l y  w r i t t e n  
ma te r i a l  added. Same 0 0 0 0  0 0 0 1 0 0 0 0 0  0 0 0  0 1  0 0 0 
Less 0 0 1 0  0 1 1 0 1 1 1 0 0  0 0 0  0 1  0 0 1 
5. Usefulness if less More 0 0 0 0  0 1 0 0 1 0 0 0 0  0 0 1  0 0  0 0 1 
f i lm ,  l e t  
professor  t a l k .  Lesa 0 0 0 1  0 0 0 0 0 0 0 0 0  0 0 0  0 0  0 0 2 
Same 0 0 1 0  0 1 1 1 1 1 1 0 0  0 0 0  0 1  0 0 0 
9 
7 
6. Does a r ranging  f o r  Does 0 0 0 0  0 0 0 0 0 0 0 0 0  0 0 1  0 1  0 0 0 2 
a p ro jec to r  a f f e c t .  
DoesNot 0 1 1 1  0 2 1 1 2 1 1 0 0  0 0 0  0 1  0 0 4 16 
IV-3 
APPENDIX IV-2 
Totaled Responses on a Visual Brief Evaluat ion Sheet  






6 .  
7. 






The Visua l  Brief (was 9 , was not  10) used i n  a classroom l e c t u r e  
s i t u a t i o n .  
- -
The Visual  Brief (was 7 , was not 1 2 )  used i n  con tex t  with c l o s e l y  
r e l a t e d  m a t e r i a l  i n  t h e  course p r e s e n t a t i o n .  
The Visual  Brief (was 15 ,  was not* 2 found s u i t a b l e  f o r  t h e  course 
i n  which it was used. 
- -
- - 
The Visual  Brief (would 6 , would n o t  7 1 have been as s u i t a b l e  f o r  
ano the r  course.  If so,  what  course? 
The t e c h n i c a l  information displayed i n  t h e  Visual Brief (was new t o  
- -
m e  4 , new t o  my s t u d e n t s  14,  wel l  known t o  m e  8 , w e l l  known t o  
my s t u d e n t s  0 ) *  
- - --
The information d i sp layed  i n  t h e  Visual Brief ( d i d  
c o n t r i b u t e  t o  f u r t h e r  understanding o f  t h e  course material by t h e  
s t u d e n t s  i n  t h e  course.  
The v i s u a l  m a t e r i a l  ( d i d  15, d i d  not" 3 p r e s e n t  t h e  e f f e c t  w e l l  
t h a t  was descr ibed i n  t h e  accompanying documentary m a t e r i a l .  
1 5 ,  d i d  not" 1 ) - -
- - 
The i n s t r u c t o r  ( d i d  
t h e  v i s u a l  material p r i o r  t o  p r e s e n t a t i o n  i n  class.  
9 , d i d  n o t  - 8 ) r e a d  t h e  documents accompanying -
Material observed i n  t h e  Visual  Brief o f  p a r t i c u l a r  va lue  o t h e r  t han  
t h a t  desc r ibed  i n  t h e  documentary summary accompanying t h e  b r i e f  is 
The s u b j e c t  matter (could 3 , could n o t  14) have been as e a s i l y  
p re sen ted  t o  t h e  s t u d e n t s  without  t h e  v i s u a l  material. 
- -
Other  types o f  v i s u a l  a i d s  (would 2 would not 5 ) have been as 
e f f e c t i v e  as p r e s e n t i n g  t h e  sub jec t  material. 
-' -
If so ,  what type? 
The amount o f  matzrial p re sen ted  i n  t h e  Visual  Brief was (mope" 
a l r i g h t  1 2 ,  less" 1 than necessary t o  adequately p r e s e n t  t h e  
t e c h n i c a l  material t h e r e .  
3 , -- - 
The Visual  Brief r e q u i r e d  ( l i t t l e  7 , some 9 , much'' 0 ) a d d i t i o n a l  
information from t h e  i n s t r u c t o r  t o  p rope r ly  p r e s e n t  t h e  s u b j e c t  t o  
- - -
t h e  class. 
I V - 4  
14.  It was of ( l i t t l e  3 , some 1 2 ,  great 2 1 h e l p  t o  have t h e  r e f e r e n c e  - - -
documents accompanying t h e  Visual Brief f o r  e f f e c t i v e  classroom 
p r e s e n t a t i o n .  
.'r 
15. "Addit ional  Information on classroom use o f  Visual  Briefs: 
Recommendations on Visual  B r i e f s  i n  General 
1. Visual  Briefs on t e c h n i c a l  s u b j e c t s  such as t h i s  could be o f  ( g r e a t  4 , 
2. Visual  Briefs should inc lude  (more" 1 , less" 2 , no change i n  1 0 )  
-
some 1 5 ,  l i t t l e "  0 use t o  m e  i n  my course p r e s e n t a t i o n .  - - 
- - -
material over  t h a t  given here .  
3.  Visual  Briefs would (probably 8 , probably no t  7 be more s u i t a b l e  - - 
f o r  e d u c a t i o n a l  purposes o u t s i d e  of t h e  classroom l e c t u r e .  
4. V i sua l  Briefs would be (more 3 same 2 less 7 1 u s e f u l  i f  t h e  - - -
r e p o r t  material had been prepared s p e c i f i c a l l y  for one classroom l e c t u r e .  
5. I would use t e c h n i c a l  movies (more 4 , same 9 , l e s s  5 1 i f  amount - - -
of material shown i n  t h e  f i l m  were reduced t o  bare t e c h n i c a l  e s s e n t i a l s  
and l e t  m e  do t h e  t a l k i n g .  
6. The inconvenience o f  ob ta in ing  t h e  p r o j e c t o r  arrangement f o r  classroom 
l e c t u r e  (does 2, does no t  
t e c h n i c a l  movies. 
15 )  s i g n i f i c a n t l y  affect  how o f t e n  I use -
-7. 
7 .  "Addit ional  g e n e r a l  recommendations on Visual  Briefs: 
IV- 5 
APPENDIX IV-3 
Comments on Visual Br i e f s  from Pro fes so r  Evalua tors  
VB-4: Bubble Dynamics f o r  Nucleate  Boi l ing i n  Reduced Gravi ty  
1. No classroom use,  bu t  labora tory  p r e s e n t a t i o n  has been h e l p f u l  t o  
s t u d e n t s  and s t imu la t ed  d iscuss ion  of r e l a t e d  problems. 
o f  C a l i f o r n i a  a t  Los Angeles 1 
(Un ive r s i ty  
2. This b r i e f  is  q u i t e  good. (Utah S t a t e  Univers i ty)  
3 .  Too narrow i n  scope t o  be of much value t o  undergraduate s tuden t s .  
Could prove q u i t e  u se fu l  f o r  g raduate  s t u d e n t s  wi th  s p e c i a l  i n t e r e s t  
i n  r e sea rch  a rea .  (Pennsylvania S t a t e  Un ive r s i ty )  
VB-5: Po la r i zed  Light Photography t o  Resolve Fa t igue ,  Cycl ic ,  and Sus ta ined  
S t r e s s  Crack Propagat ion Zones i n  Metals 
1. This b r i e f  was reviewed by our  Metallurgy Department and they  f e e l  
it would be extremely u s e f u l  f o r  a graduate  s t u d e n t  undertaking 
r e sea rch  i n  t h i s  area. 
any courses  p r e s e n t l y  of fe red  here .  
However, they  f o r e s e e  no room f o r  t h i s  i n  
( V i r g i n i a  Poly technic  I n s t i t u t e )  
VB-8: Flight-measured Cont ro l  Power and Damping Required f o r  VTOL A i r c r a f t  
1. A l l  Visua l  B r i e f s  should have sound f i l m .  (Un ive r s i ty  of  V i r g i n i a )  
2.  The i n c l u s i o n  of  r o o t  locus o r  o t h e r  s t a b i l i t y  in format ion  would 
make t h i s  an e x c e l l e n t  f i l m  for  a course i n  c o n t r o l  system s t a b i l i t y  
and opera t ion .  Each new f l i g h t  sequence should be preceded by a 
l i s t i n g  of t h e  p e r t i n e n t  data  f o r  t h e  f l i g h t  sequence. I t  might 
a l s o  be adv i sab le  t o  precede t h i s  film with a b r i e f  summary of  
VTOL A i r c r a f t .  ( V i r g i n i a  Polytechnic  I n s t i t u t e )  
VB-9: Pool  Heating of Liquid Hydrogen Over a Range o f  Acce lera t ions  
1. No classroom use,  bu t  labora tory  p r e s e n t a t i o n  has  been h e l p f u l  t o  
s t u d e n t s  and s t imu la t ed  d iscuss ion  of r e l a t e d  problems. 
of C a l i f o r n i a  a t  Los Angeles) 
(Un ive r s i ty  
2. Too narrow i n  scope t o  be  of much value t o  undergraduate  s tuden t s .  
Could prove q u i t e  u s e f u l  f o r  g raduate  s t u d e n t s  w i t h  s p e c i a l  
i n t e r e s t  i n  r e s e a r c h  area. (Pennsylvania S t a t e  Un ive r s i ty )  
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VB-11 :  Transonic Buf fe t ing  o f  Hammerhead Launch Vehicles  
1. To t h e  un t r a ined  eye,  t h e  t e s t  f i l m  is j u s t  many s h o t s  o f  t h e  same 
t h i n g .  
except  f o r  very c a r e f u l  d e l i n e a t i o n s . )  
I n s t i t u t e )  
( Impl i ca t ion  i s  t h a t  t h e r e  are i n s u f f i c i e n t  d i f f e r e n c e s  
( V i r g i n i a  Po ly techn ic  
VB-12:  Experimental Observations of Transient  Bo i l ing  i n  Subcooled Water 
and Alcohol 
1. More e f f e c t i v e  p r e s e n t a t i o n  of t h e  subject material would have been 
accomplished wi th  b e t t e r  f i l m .  
t h e  f i l m  w a s  n o t  what was needed and was n o t  shown t o  t h e  class. 
(Utah S t a t e  Un ive r s i ty )  
After previewing it was decided 
2. Too narrow i n  scope t o  be of much value t o  undergraduate s t u d e n t s .  
Could prove q u i t e  u s e f u l  f o r  g radua te  s t u d e n t s  w i th  s p e c i a l  i n t e r e s t  
i n  r e sea rch  area. (Pennsylvania S t a t e  Un ive r s i ty )  
VB-13: A Visual  Study o f  Two Phase Flow i n  a Vertical Tube wi th  Heat Addition 
1. No classroom use,  bu t  l abora to ry  p r e s e n t a t i o n  has  been h e l p f u l  t o  
g radua te  s t u d e n t s  involved i n  r e s e a r c h  and s t i m u l a t e d  d i s c u s s i o n  
of r e l a t e d  problems, (Universi ty  o f  C a l i f o r n i a  a t  Los Angeles) 
VB-15: A Visual  Study of Veloci ty  and Buoyancy E f f e c t s  on Bo i l ing  Nitrogen 
1. No classroom use,  bu t  l abora to ry  p r e s e n t a t i o n  has  been h e l p f u l  t o  
g radua te  s t u d e n t s  involved i n  r e sea rch  and s t i m u l a t e d  d i s c u s s i o n  
of r e l a t e d  problems. (Universi ty  o f  C a l i f o r n i a  a t  Los Angeles) 
2 .  Too narrow i n  scope t o  be of much value t o  undergraduate s t u d e n t s .  
Could prove q u i t e  u s e f u l  f o r  g radua te  s t u d e n t s  w i th  s p e c i a l  i n t e r e s t  
i n  r e s e a r c h  area. (Pennsylvania S t a t e  Un ive r s i ty )  
VB-20: Magnetically Supported Superconducting S p h e r i c a l  Gyro 
1. No classroom use ,  bu t  l abora to ry  p r e s e n t a t i o n  has  been h e l p f u l  t o  
graduate  s t u d e n t s  involved i n  r e sea rch  and s t i m u l a t e d  d i s c u s s i o n  
of r e l a t e d  problems. (Universi ty  o f  C a l i f o r n i a  a t  Los Angeles) 
VB-21: The Supersonic Transport  i n  t h e  A i r  Traffic Control  System 
1. Prefer sound t r a c k  wi th  a l l  b r i e f s .  (Un ive r s i ty  of V i r g i n i a )  
2 .  Visual  Brief w a s  a l s o  shown t o  C i v i l  A i r  P a t r o l  audience.  
(Un ive r s i ty  o f  V i r g i n i a )  
IV-7 
3. We fee l  t h a t  t h i s  f i l m  could have two p o s s i b l e  uses:  (1) i n  a 
freshman-level motivat ion-oriented cour se ,  and ( 2 )  i n  an  analog 
s imula t ion  course as an i n t r o d u c t i o n  t o  a t y p i c a l  problem. 
NASA "sales p i t ch"  and emphasis on h igh ly  p l aced  NASA o f f i c i a l s  
is  ob jec t ionab le .  (V i rg in i a  Po ly techn ic  I n s t i t u t e )  
Some 
4. Movie does n o t  show r e s u l t s  or t r e n d s .  Good movie f o r  design 
classes and classes i n t e r e s t e d  i n  an o v e r a l l  system approach. 
( V i r g i n i a  Polytechnic  I n s t i t u t e )  
VB-24: Spacec ra f t  Landing Dynamics 
1. A l l  Visual  B r i e f s  should have sound. ( U n i v e r s i t y  of V i r g i n i a )  
2. Received only VB-24A and not VB-24B so  incomplete use. (Ed. Note: 
This i s  when we discovered t h a t  VB-24 came t o  us  incomplete . )  
(Un ive r s i ty  o f  P i t t s b u r g h )  
VB-27: Flammability of Su r faces  i n  Zero Grav i ty  
1. Showing o f  t h e  same phenomena f o r  d i f f e r e n t  p r e s s u r e s ,  compositions,  
e tc . ,  is unnecessary. Added no th ing  t o  t h e  b a s i c  phenomena being 
presented.  (Universi ty  o f  P i t t s b u r g h )  
VB-31: Human Tolerance t o  Accelerat ion 
1. This appears t o  be an e x c e l l e n t  f i l m  f o r  t e c h n i c a l  s o c i e t y  meetings 
and o t h e r  g e n e r a l  s c i e n c e  o r i e n t e d  meetings.  I t  might a l s o  be used 
as one l e c t u r e  i n  a course i n  bio-medical e l e c t r o n i c s .  The i n s t r u -  
mentat ion is  of i n t e r e s t  and t h e  f i l m  might be o f  use i n  an 
in s t rumen ta t ion  course;  however, it is f e l t  t h a t  i t  would r e q u i r e  
ex tens ive  e d i t i n g  be fo re  being used i n  t h i s  manner. 
Po ly techn ic  I n s t i t u t e )  
( V i r g i n i a  
2. A t e c h n i c a l  f i l m  which should be shown t o  people familiar wi th  t h e  
terminology of human behavior. 
and oxygen content  of blood. 
a l though it s e r v e s  t o  make s t u d e n t s  more aware o f  problem. 
( V i r g i n i a  Po ly techn ic  I n s t i t u t e )  
Primary emphasis i s  on b r e a t h i n g  
Not a good f i l m  f o r  g e n e r a l  s t u d i e s  
VB-33: Sa tu rn  Radiat ion and Convection Base Heating 
1. Sound t r a c k  could have provided t h e  g e n e r a l  information t o g e t h e r  
w i th  more information about n a t u r e  o f  t h e  f i l m ,  c a l c u l a t i o n s ,  etc.  
Was used as i n t r o d u c t i o n  t o  space age need for r a d i a t i o n  hea t  
t r a n s f e r .  (Universi ty  o f  V i r g i n i a )  
IV-8 
2. Without r e fe rence  documents t h e  Visual  Brief i s  of  very l i t t l e  o r  
no use. 
(Utah S t a t e  Univers i ty)  
After previewing, it was decided n o t  t o  use i n  class. 
3 .  Major l i m i t a t i o n  is l ack  of time by t h e  s t u d e n t s  t o  d i g  i n t o  t h e  
( w r i t t e n )  material. (Universi ty  of F l o r i d a )  
4. This  Visua l  Brief would probably be more f o r  educa t iona l  purposes 
o u t s i d e  t h e  classroom lecture. (Rutgers )  
A P P E N D I X  V 
P R O C E D U R E S  USED I N  C R E A T I N G  MONOGRAPHS 
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APPENDIX V - 1  
Technique for Locating Reports by Graduate Assoc ia t e s  
The r e p o r t s  s u i t a b l e  f o r  use i n  o r i g i n a t i n g  Monographs may be found I 
through l i t e r a t u r e  sea rches  by e a d u a t e  A s s o c h t e s  i n  STAR and A I A A  l i s t i n g s .  
The following procedure f o r  doing t h i s  is recommended: 
A survey o f  t h e  NASA STAR r e p o r t  a b s t r a c t s ,  A S e l e c t e d  L i s t i n g  of 
NASA S c i e n t i f i c  and Technical Reports f o r  19-- and/or  t h e  A I A A  
a b s t r a c t s  of NASA work can be i n i t i a t e d  by a g radua te  s t u d e n t  
or similar type  help.  For a s s i s t a n c e  i n  t h e  use o f  STAR refer  
t o  t h e  booklet  i s sued  by NASA e n t i t l e d  "How t o  use NASA's 
S c i e n t i f i c  and Technical Information System." 
Although a l l  t e c h n i c a l  l i t e r a t u r e  is  e l i g i b l e  f o r  i n c l u s i o n ,  t h e  
primary source o r  sources  from which a Monograph i s  prepared should 
be t e c h n i c a l  r e p o r t s  or papers prepared by NASA pe r sonne l  or under 
a NASA c o n t r a c t .  
The p r o j e c t  au tho r  should d i scuss  with t h e s e  a s s i s t a n t s  t h e  type  o f  
ar t ic les  d e s i r e d  and how they a r e  t o  be used. 
The p r o j e c t  au tho r  then  needs t o  i d e n t i f y  f o r  h i s  a s s i s t a n t s  as 
many key words r e l a t e d  t o  the s u b j e c t  area as p o s s i b l e ,  from which 
t h e  a s s i s t a n t  may proceed. 
Using t h i s  l i s t  of key words as a guide,  consu l t  t h e  Sub jec t  Index 
of t h e  r e p o r t  a b s t r a c t s .  
From t h i s  Subject  Index, record t h e  t i t l e s  o f  r e p o r t s  which appear  
a p p l i c a b l e  t o  t h e  o b j e c t i v e .  Do no t  f o r g e t  t o  r eco rd  t h e  r e s e a r c h  
number, a b s t r a c t  number and any o t h e r  information given with t h e  
t i t l e .  
B e  a l e r t  f o r  o t h e r  key words i n  t i t l e s .  
s t e p s  4 and 5. 
If any a r e  found, r e p e a t  
After l i s t i n g  t h e  t i t l e  o f  each r e p o r t ,  l o c a t e  t h e  a b s t r a c t  and 
r ead  it c a r e f u l l y .  
enough q u a l i f i e d  i n  t h e  a r e a ,  t h a t  he w i l l  be a b l e  t o  make a 
p re l imina ry  s e l e c t i o n  of m a t e r i a l  from t h e  a b s t r a c t s . )  
(It i s  expected t h e  a s s i s t a n t  w i l l  be h igh ly  
I f ,  from t h e  a b s t r a c t ,  t h e  r e p o r t  appears  t o  be o f  some va lue ,  
w r i t e  t h e  t i t l e s  of t h e s e  by s u b j e c t  c l a s s i f i c a t i o n .  Include a l l  
information necessary t o  l o c a t e  t h e  r e p o r t .  
Do n o t  overlook t h e  p o s s i b i l i t y  o f  a r e j e c t e d  r e p o r t  being a good 
reference.  Keep a l i s t  o f  good r e f e r e n c e s  f o r  b i b l i o g r a p h i e s .  
v- 2 
Make any n o t e s  r e l e v a n t  t o  t h e  r e p o r t ,  i nc lud ing  i t s  q u a l i f i c a t i o n s  
or l i m i t a t i o n s .  
Study t h e  t i t l e s  of o t h e r  r e sea rch  papers  w r i t t e n  by t h e  au tho r s  of 
your s e l e c t i o n .  
a b s t r a c t s  of p o s s i b i l i t i e s .  
The Author Index has a list o f  t h e s e .  Read t h e  
Read t h e  b i b l i o g r a p h i e s  of a v a i l a b l e  NASA r e p o r t s  on t h e  s u b j e c t  
area. 
va lue  
Locate and r ead  t h e  a b s t r a c t s  of any r e p o r t  t h a t  appears  of 
The p r o j e c t  au tho r  should then r ead  each o f  t h e  a b s t r a c t s  s e l e c t e d  
by t h e  a s s i s t a n t .  A consu l t a t ion  between t h e  p r o j e c t  a u t h o r  and h i s  
a s s i s t a n t  should fol low,  i n  which they  can a r r i v e  a t  a group of 
r e p o r t s  t o  be ordered through t h e  NASA STAR documents or o t h e r  
sou rces  
A t  t h e  same time t h e  r e p o r t s  a re  ordered,  t h e  a s s i s t a n t  should 
i n v e s t i g a t e  t h e  p o s s i b i l i t y  of a r e p o r t  having been condensed i n  
a t e c h n i c a l  paper.  
s o c i e t y  meetingscan o f t en  be obtained from t h e  main o f f i c e s  of t h e s e  
s o c i e t i e s .  Another source of ob ta in ing  condensed v e r s i o n s  of a 
r e p o r t  may be by con tac t ing  the a u t h o r  of t h e  r e s e a r c h  r e p o r t .  
A l ist  of t e c h n i c a l  papers  p re sen ted  a t  t e c h n i c a l  
Discussions o f  t e c h n i c a l  papers publ ished i n  j o u r n a l s  can sometimes 
be found i n  l a t e r  i s s u e s .  Often t h e s e  d i s c u s s i o n s  c o n t r i b u t e  
apprec i ab ly  t o  t h e  paper;  however, t h e s e  should be c a r e f u l l y  
s c r u t i n i z e d ,  
After t h e  r e c e i p t  o f  t h e  r e p o r t s ,  t h e  a s s i s t a n t  should compare t h e s e  
wi th  a prepared check l i s t .  
a d v i s a b i l i t y  of f u r t h e r  cons ide ra t ion  of t h e  r e p o r t .  
This check l i s t  should i n d i c a t e  t h e  
A f t e r  t h e  s e l e c t i o n  of t h e  r e p o r t s  r ead  by t h e  a s s i s t a n t ,  t h e s e  
r e p o r t s  should be d i scussed  between t h e  a u t h o r  and t h e  a s s i s t a n t .  




Guidance t o  Author fo r  Prepar ing  Monographs 
A. General  Philosophy f o r  t h e  Prepara t ion  of  Monographs 
A Monograph i s  a t e c h n i c a l  paper  pr imar i ly  based on one or more NASA 
resea rch  r e p o r t s  and commonly supplemented by o t h e r  material and is  designed 
t o  supplement textbook and class no te  material i n  a course  o f  i n s t r u c t i o n .  
The au tho r  o f  t h e  Monograph must keep i n  mind t h e  use fu lness  o f  t h e  Monograph 
i n  a class. 
y e t  t h e  m a t e r i a l  should be s u f f i c i e n t l y  complete f o r  t h e  use  o f  t h e  t eache r  
i n  t h e  class without undue r e fe rence  work on h i s  p a r t .  Where p o s s i b l e ,  t h e  
Monograph should con ta in  and develop only one c e n t r a l  i dea .  
t h a t  t h e  Monograph be w r i t t e n  f o r  t h e  s tudent  a t  t h e  proper  l e v e l .  
a Monograph should acquain t  t h e  s tudent  wi th  t h e  format and purpose o f  a 
t e c h n i c a l  paper as w e l l  as c o n t r i b u t e  some t e c h n i c a l  in format ion  t o  h i s  course.  
It  i s  d e s i r a b l e  t o  keep t h e  amount o f  material t o  a minimum and 
I t  is important  
Use of  
B. Descr ip t ion  o f  Monograph Content 
(1) Abst rac t  of t h e  Monograph 
The a b s t r a c t  should conta in  t h e  k e r n e l  of  what t h e  Monograph is 
about  and why it w i l l  be use fu l .  
procedure f o r  a b s t r a c t i n g  a t e c h n i c a l  a r t i c l e .  
The a b s t r a c t  should fo l low t h e  usua l  
( 2 )  Main Body o f  t h e  Monograph 
The main body o f  t h e  Monograph should c o n s i s t  o f  material t h a t  can 
be used i n  a class wi th  a minimum amount of  e x t r a  p r e p a r a t i o n  and explana t ion  
t o  t h e  class.  The material should be  w r i t t e n  on a l e v e l  corresponding t o  t h e  
l e v e l  o f  t h e  s tuden t  t o  which t h e  Monograph i s  addressed.  I t  would seem 
impor tan t  t h a t  f i g u r e s  be  prepared i n  such a way t h a t  t r anspa renc ie s  o r  
s l i d e s  could be e a s i l y  made and success fu l ly  p r o j e c t e d  i n  t h e  classroom. 
g e n e r a l  t h e  Monograph should be made t o  cover  some i n t e g r a l  number o f  class 
per iods .  
u n i t s  o f  s i n g l e  class pe r iod  s e s s i o n s ,  
i t s  importance j u s t i f i e s  more than one class pe r iod ,  t hen  up t o  t h r e e  class 
pe r iods  might be considered.  
I n  
I n  p a r t i c u l a r ,  it i s  expected t h a t  t h e  Monograph w i l l  be  used i n  
However, i f  m a t e r i a l  i s  such t h a t  
( 3 References 
The r e fe rences  should be p e r t i n e n t  and should be chosen c a r e f u l l y  t o  
s e r v e  some well -def ined purpose.  
un le s s  such a l ist  is  needed f o r  a s p e c i f i c  purpose.  
should b e  given wi th  some i n d i c a t i o n  of what w i l l  be found i n  each i n d i v i d u a l  
r e f e r e n c e .  If only a s i n g l e  s h o r t  item i s  t o  be inc luded  i n  t h i s  r e fe rence  
material, it should b e  p laced  i n  t h e  Monograph i n s t e a d  o f  being r e fe renced ,  
Avoid long l i s t s  of b i b l i o g r a p h i c a l  material 
The r e fe rence  information 
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( 4 )  Supporting Material 
Whenever p o s s i b l e  t h e  au tho r  should i n d i c a t e  i n  t h e  Monograph an 
example of  t h e  use o f  t h e  material i n  the r e p o r t  from which t h e  Monograph has  
been taken.  
or home problem t o  be ass igned  by t h e  i n s t r u c t o r .  These home problems should 
a l s o  be accompanied by s o l u t i o n s  a t tached  t o  t h e  I n s t r u c t o r ' s  Monograph. 
I t  would a l s o  be d e s i r a b l e  f o r  t h e  au thor  t o  p repa re  an example 
( 5 )  I n s t r u c t o r ' s  Guide f o r  Monographs 
A guide f o r  t h e  i n s t r u c t o r  for t h e  use o f  t h e  material  i n  t h e  
Monograph should be inc luded  i n  each Monograph and where p o s s i b l e  kept  t o  
a minimum of  one page. 
l i s t e d  below: 
The information t o  be presented  i n  t h i s  gu ide  i s  
Educat iona l  l e v e l  o f  t h e  Monograph 
P r e r e q u i s i t e  course  ma te r i a l  
Est imated number o f  l e c t u r e  pe r iods  r equ i r ed  
Technical  s i g n i f i c a n c e  of t h e  Monograph 
N e w  concepts or unusual concepts i l l u s t r a t e d  
Suggest ions on how t h e  Monographs can b e s t  be  used 
Other l i t e r a t u r e ,  Briefs, or Monographs of  i n t e r e s t  t o  t h i s  
s u b j e c t  
Other r e p o r t s  reviewed by t h e  e d i t o r  i n  prepar ing  t h i s  
Monograph 
Who should be contac ted  for f u r t h e r  in format ion  
General s u b j e c t  areas a v a i l a b l e  i n  o t h e r  Briefs or Monographs 
( 6 )  Format of  Monographs 
There w i l l  be two d i f f e r e n t  forms  o f  Monograph prepared f o r  each 
Monograph w r i t t e n .  
w i l l  be f o r  t h e  use of t h e  s tuden t .  The g e n e r a l  con ten t  o f  t h e  Monograph f o r  
t h e  i n s t r u c t o r  is l i s t e d  below i n  t h e  order  recommended for assembling t h e  
Monograph., I n  o r d e r  t o  d i sc r imina te  between t h e  two, t h e  s t u d e n t ' s  Monograph 
and t h e  I n s t r u c t o r ' s  Monograph w i l l  have d i f f e r e n t  co lored  covers  o r  t h e  
s t u d e n t ' s  Monograph w i l l  be an unbound paper.  
f o r  t h e  Monograph: 
One w i l l  be f o r  the  use of t h e  i n s t r u c t o r  and t h e  o t h e r  
The fo l lowing  o r d e r  i s  suggested 
Front  
T i t l e  Page 
Foreword on NASA P i l o t  Program 
Report or r e p o r t s  from which t h i s  Monograph was p r i m a r i l y  taken  
I n s t r u c t o r ' s  Guide 
Abs t rac t  
Main Body 
Summary 
References,  S p e c i f i c  and General 
I l l u s t r a t i v e  problem 
So lu t ion  t o  I l l u s t r a t i v e  problem 
Transparencies  o f  f i g u r e s  
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Contained i n  a s t u d e n t  Monograph 
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Those pages i n  t h e  i n s t r u c t o r ' s  Monograph n o t  included i n  t h e  s t u d e n t ' s  
Monograph w i l l  be p r i n t e d  on d i f f e r e n t  co lo red  paper than  t h e  common m a t e r i a l .  
This w i l l  make t h e  i n s t r u c t o r  immediately aware of t h e  information a v a i l a b l e  
t o  t h e  s t u d e n t .  
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V I - 2  
MONOGRAPH HT-1 
ABSTRACT 
Ti t le :  Ca lcu la t ion  of Radiant Heat Exchange by t h e  Monte Carlo Method 
The Monte Carlo Method o f  so lv ing  r a d i a n t  h e a t  t r a n s f e r  problems b a s i c a l l y  
c o n s i s t s  of following groups of photons around through a system u n t i l  t hey  are 
e i t h e r  absorbed or l o s t .  By using a l a r g e  number o f  photon groups t h e  s t a t i s -  
t i c a l  behavior  o f  t h e  l a r g e  group w i l l  approach t h e  behavior  o f  an  a c t u a l  
system. This Monograph d i s c u s s e s  t h e  technique r equ i r ed  t o  select  photon 
groups,  such t h a t  a given s ta t i s t ica l  d i s t r i b u t i o n  w i l l  be achieved. 
example problem i s  included,  which shows how t h e  Monte Carlo technique can 
be used t o  s o l v e  problems where energy is  emi t t ed  and r e f l e c t e d  i n  a non- 
d i f f u s e  or non-specular method. I n  p a r t i c u l a r  it i s  assumed t h a t  t h e  F r e s n e l  
t ype  s u r f a c e  i s  p resen t .  
example problem. 
An 
The F r e s n e l  s u r f a c e  d i s t r i b u t i o n  is used as an 
MONOGRAPH HT-2 
ABSTRACT 
T i t l e :  A Generalized C o r r e l a t i o n  o f  Vaporization T i m e s  o f  Drops i n  Bo i l ing  
Film Bo i l ing  on a F l a t  P l a t e  
A dimensionless c o r r e l a t i o n  f o r  t h e  vapor i za t ion  times o f  d i s c r e t e  l i q u i d  
masses i n  t h e  Le idenf ros t  s t a t e  i s  obtained and v e r i f i e d  wi th  experimental  
d a t a  i n  t h e  l i t e r a t u r e .  
r e l a t i n g  a dimensionless vapor i za t ion  time t o  a dimensionless  i n i t i a l  l i q u i d  
volume. 
volumes from s p h e r i c a l  drops t o  l a r g e  pancaked blobs.  
The c o r r e l a t i o n  is presen ted  as a s i n g l e  curve 
The c o r r e l a t i o n  works w e l l  f o r  t h e  e n t i r e  range of i n i t i a l  l i q u i d  
MONOGRAPH HT- 3 
ABSTRACT 
T i t l e :  Method for Estimating Ra t io  of Absorptance t o  Emittance 
A g r a p h i c a l  method is  p resen ted  f o r  e s t ima t ing  t h e  va lues  o f  t h e  r a t i o  
of absorptance t o  emit tance a/€ t h a t  can be achieved wi th  s u r f a c e s  having a 
high degree o f  s p e c t r a l  s e l e c t i v i t y .  The r a t i o  of e m i t t i n g  s o u r c e  t o  absorb- 
i n g  s u r f a c e  temperature i s  t h e  parameter i n  t h e  graphs.  
r e s u l t s  o f  t h e  c a l c u l a t i o n s  p re sen ted  a r e  g e n e r a l  and apply f o r  any source  or 
s u r f a c e  temperature.  
e s t i m a t e d  can be used i n  r a d i a n t  h e a t  t r a n s f e r  c a l c u l a t i o n s  invo lv ing  space 
v e h i c l e s .  
face t o  s o l a r  r a d i a t i o n ,  and E t h e  t o t a l  hemispherical  emit tance.  
I n  p r i n c i p l e ,  t h e  
I n  p r a c t i c e ,  t h e  r a t i o s  o f  absorptance t o  emit tance s o  
t h e  t o t a l  normal absorptance o f  a su r -  I n  t h i s  case ci becomes as 
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MONOGRAPH HT-4 
ABSTRACT 
T i t l e :  Formulas f o r  Radiant Heat Transfer  Between Nongray P a r a l l e l  P l a t e s  of 
Po l i shed  Ref rac to ry  Metals 
Hemispherical  emit tance,  both t o t a l  and normal, were c a l c u l a t e d  from 
normal spec t r a l - emi t t ance  da t a .  The metals eva lua ted  were c l e a n  po l i shed  
tungs t en ,  molybdenum, and tantalum, each of which e x h i b i t s  s p e c t r a l  emi t t ances  
t h a t  vary considerably wi th  temperature and wavelength. 
N e t  r a d i a n t  h e a t  flow between two p a r a l l e l  i n f i n i t e  p l a t e s  was computed 
by summing t h e  monochromatic energy exchange. The e v a l u a t i o n  was made f o r  
a l l  n ine  p o s s i b l e  combinations obtained by in t e rchang ing  me ta l s  on t h e  two 
s u r f a c e s .  
of t h e  two s u r f a c e s .  Equations of t h e  form 
The r e s u l t s  are g r a p h i c a l l y  p re sen ted  as a f u n c t i o n  of temperatures  
b T2 c q = a(T]; - T 2 >  (-1 
T 1  
were f i t t e d  t o  each of t h e  nine s e t s  of h e a t  f l u x  c a l c u l a t i o n s ,  where q i s  
t h e  h e a t  t r a n s f e r  r a t e ,  and TI and T2 a r e  t h e  temperatures  of t h e  h o t t e r  
and c o o l e r  surfaces, r e s p e c t i v e l y .  Values of t h e  c o n s t a n t s ,  a ,  b ,  and c 
are p resen ted  along wi th  contour  p l o t s  showing t h e  temperature r eg ions  i n  
which t h e  equat ions are accura t e .  
t echn iques  is  presented.  
A comparison wi th  convent ional  c a l c u l a t i o n  
MONOGRAPH HT-5 
ABSTRACT 
T i t l e :  Pool Bo i l ing  Heat Transfer  a t  Reduced Gravi ty  
The r o l e  of g r a v i t y  i n  t h e  theory o f  n u c l e a t e  and f i l m  pool  b o i l i n g  
mechanisms i s  examined and compared t o  experimental  r e s u l t s .  P a r t i c u l a r  
a t t e n t i o n  i s  given t o  t h e  c r i t i ca l  heat  f l u x  and i n t e r f a c e  s t a b i l i t y .  




T i t l e :  Condensation of Liquid Metals 
The theory of condensation of l i q u i d  metal vapor on a c o o l  v e r t i c a l  s u r -  
face both with and without  fo rced  convection of t h e  vapor i s  discussed.  
Experimental  r e s u l t s  a r e  presented t o  show t h e  probable e x i s t e n c e  o f  a r e s i s t -  
ance t o  h e a t  t r a n s f e r  a t  t h e  vapor-liquid i n t e r f a c e .  
t r ea tmen t  o f  i n t e r f a c i a l  r e s i s t a n c e  e f f e c t s  i s  included.  




T i t l e :  The Method of Zones f o r  t h e  Ca lcu la t ion  of Temperature D i s t r i b u t i o n  
The method of zones i s  an improved method f o r  o b t a i n i n g  approximate 
s o l u t i o n s  t o  c e r t a i n  p a r t i a l  d i f f e r e n t i a l  equat ions.  The a p p l i c a t i o n  o f  t h i s  
method t o  hea t  t r a n s f e r  problems i s  discussed i n  d e t a i l .  The method of zones 
assumes t h e  temperature  i n  t h e  zone of i n t e r e s t  v a r i e s  p a r a b o l i c a l l y  wi th  t h e  
space coord ina te s .  Volume i n t e g r a t e d  mean temperatures  are used as t h e  "zone 
temperature" and area i n t e g r a t e d  mean temperatures are used as t h e  " su r face  
temperatures" a t  t h e  boundaries of t h e  zone. 
o f  t h e  method permits  a complicated system t o  be d iv ided  i n t o  fewer p a r t s  t han  
i s  necessa ry  when convent ional  l i n e a r  approximation methods are used. 
The h ighe r  o r d e r  o f  approximation 
The h e a t  flow equat ion i s  i n t e g r a t e d  over t h e  volume of t h e  zone t o  g i v e  
an in s t an taneous  h e a t  balance equat ion which involves  t h e  f l u x e s  over  t h e  
boundaries  of  t h e  zone and t h e  ra te  of change of t h e  volumetr ic  mean tempera- 
t u r e  of t h e  zone, Approximate formulas, which are based on t h e  p a r a b o l i c  
assumption, a re  de r ived  which expres s  the  boundary h e a t  f low r a t e s  i n  terms 
o f  t h e  volumetr ic  mean temperature o f  the zone and t h e  mean temperatures  over  
t h e  zone boundaries.  These simultaneous equa t ions  i n  temperature ,  one f o r  
t h e  zone and one f o r  each boundary, are i n t e g r a t e d  numerical ly  t o  o b t a i n  t h e  
temperature  as f u n c t i o n s  of time. 
The i n t e g r a t i o n  is a two-point i n t e g r a t i o n  involving an i n t e g r a t i o n  
parameter.  
are given.  
f o r  s e l e c t i n g  t h e  zone s i z e  are discussed. 
Rules for choosing t h i s  parameter t o  i n s u r e  s t a b i l i t y  and accuracy 
A r u l e  i s  a l s o  given for s e l e c t i n g  t h e  t ime increment,  and methods 
MONOGRAPH HT-8 
ABS TRACT 
T i t l e :  Heat Pipes  and Vapor Chambers for Thermal Control  of Spacec ra f t  
This  Monograph reviews t h e  b a s i c  theory and a p p l i c a t i o n  of devices  t h a t  
t r a n s f e r s  h e a t  by evaporat ion o f  l i q u i d  from hea ted  areas and condensation on 
c o l d  areas, with continuous r e t u r n  o f  t h e  condensate t o  t h e  hea t ing  area by 
c a p i l l a r y  a c t i o n .  
a p p l i c a t i o n s  t o  t h e  s o l u t i o n  of thermal c o n t r o l  problems and t o  i l l u s t r a t e  
t h e  p r i n c i p l e s  and methods of a n a l y s i s .  Items discussed inc lude  w i c k s  and 
a s s o c i a t e d  c a p i l l a r y  s t r u c t u r e s  f o r  optimum t r a n s f e r  o f  h e a t  and minimum 
r e s i s t a n c e  t o  f l u i d  flow. 
Computed examples are  p re sen ted  t o  i n d i c a t e  p o s s i b l e  
MONOGRAPH TD-1 
ABSTRACT 
T i t l e :  Ca lcu la t ion  of Complex Chemical E q u i l i b r i a  
C a l c u l a t i o n  of chemical e q u i l i b r i a  i n  a complex r e a c t i o n  system is c a r r i e d  
o u t  i n  an  i t e r a t i v e  manner on computers. For t h i s  purpose t h e  b a s i c  equa t ions  
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express ing  t h e  equ l ib r ium cond i t ions  a r e  arranged sys t ema t i ca l ly .  
a r e  l i n e a r i z e d .  
homogeneous i d e a l  gas  mixture  and then extended t o  more complex s i t u a t i o n s .  
The equat ions  
The l i n e a r i z e d  equat ions a r e  app l i ed  f i rs t  t o  t h e  case of  a 
MONOGRAPH TD-3 
ABSTRACT 
T i t l e :  C r i t i c a l  Flow o f  Real Gases Through Nozzles 
Methods f o r  c a l c u l a t i n g  t h e  mass flow of  real  gases  through c r i t i c a l - f l o w  
nozz le s  are presented  by: (1) equat ion d e r i v a t i o n s ,  ( 2 )  t a b u l a t i o n s  o f  thermo- 
dynamic p r o p e r t i e s  f o r  c r i t i c a l  flow condi t ions  of  steam, ( 3 )  problem on 
a p p l i c a t i o n  o f  t abu la t ed  d a t a  i n  t h r u s t  c a l c u l a t i o n ,  and ( 4 )  problem on evalu- 
t i o n  o f  c r i t i c a l  flow thermodynamic p r o p e r t i e s  of a f l u i d  r ep resen ted  by t h e  
Redlich-Kwong equat ion  o f  s ta te .  
MONOGRAPH TD-4 
ABSTRACT 
T i t l e :  Thermodynamic Consistency o f  Vapor-Liquid S o l u b i l i t y  Data 
Methods f o r  t e s t i n g  t h e  thermodynamic cons is tency  of vapor- l iqu id  
s o l u b i l i t y  d a t a  wi th  o t h e r  p r o p e r t i e s  a r e  presented  f o r  b inary  systems.  
Der iva t ions  of  t h e  equat ions  f o r  t e s t i n g  i so thermal  s o l u b i l i t y  d a t a  wi th  
d e n s i t i e s  of t h e  coex i s t ing  phases a r e  g iven ,  as are t h e  equat ions  for t e s t i n g  
i s o b a r i c  d a t a  wi th  e n t h a l p i e s  o f  t h e  coex i s t ing  phases.  
i s  i l l u s t r a t e d  f o r  t h e  Hydrogen-Helium system. 
The i so the rma l  case 
MONOGRAPH CS-1 
ABSTRACT 
T i t l e :  An Example o f  Compensation Network Design 
This  Monograph g ives  t h e  design c r i te r ia  f o r  wide-band phase r e a l i z a t i o n .  
The des ign  of  l a t t i c e  phase e q u a l i z e r s ,  a l l - p a s s  networks t h a t  correct t h e  
phase response  of a system without  a f f e c t i n g  i t s  amplitude response ,  are i n t r o -  
duced. These e q u a l i z e r s  are used t o  obta in  p a r t i c u l a r  phase vs .  f requency 




T i t l e :  An Applicat ion of  Root Locus Techniques t o  Lunar Vehicle  Cont ro l  
This  Monograph i l l u s t r a t e s  t h e  use of t h e  r o o t  locus  technique  as an a i d  
t o  t h e  des ign  o f  a po r t ion  o f  t h e  c o n t r o l  complex o f  t h e  s t e e r i n g  mechanism of 
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a 4-wheel lunar-surface v e h i c l e .  
c o n t r o l  systems are p resen ted  and compared as t o  s u i t a b i l i t y  f o r  use i n  t h e  
luna r - su r face  v e h i c l e  w i th  a h m a n  ope ra to r .  
Examples of r o o t  l o c i  f o r  d i f f e r e n t  s t e e r i n g  
MONOGRAPH CS-3 
ABSTRACT 
T i t l e :  An Example o f  Nuclear Rocket Control Design 
A technique which provides  a p r a c t i c a l  compromise between system complexity 
and speed of response f o r  a l a r g e  c l a s s  of systems i s  d i scussed  i n  t h i s  Monograph. 
The method is  i l l u s t r a t e d  by an example o f  i t s  a p p l i c a t i o n  t o  a n u c l e a r  r o c k e t  
c o n t r o l  problem. 
MONOGRAPH CS-4 
ABSTRACT 
T i t l e :  An Example of Bang-Bang Control System Design 
This  Monograph d i s c u s s e s  a technique f o r  t h e  s y n t h e s i s  o f  a Bang-Bang 
Control  system. 
dependent g a i n s  t o  e l i m i n a t e  endpoints.  
nique i s  app l i ed  t o  t h e  a t t i t u d e  c o n t r o l  of a sp inn ing  space v e h i c l e .  
The technique employs l i n e a r  switching l o g i c  and uses  t i m e -  
For i l l u s t r a t i v e  purposes ,  t h e  tech-  
MONOGRAPH CS-5 
ABSTRACT 
T i t l e :  C o n t r o l l e r  Design f o r  Nonlinear and Time-Varying P l a n t s  
This Monograph d i s c u s s e s  a technique t o  g e n e r a t e  a c o n t r o l  s i g n a l  which 
f o r c e s  t h e  s t a t e  o f  a non l inea r  p l a n t  t o  be c l o s e  t o  t h e  s t a t e  o f  a r e f e r e n c e  
model. The method is  s u i t a b l e  f o r  a broad class of non l inea r  p l a n t s .  
emphasis i s  placed on t h e  t ime response t o  p e r t u r b a t i o n s  from equ i l ib r ium.  
S p e c i a l  
MONOGRAPH CS-6 
ABSTRACT 
T i t l e :  An Example o f  Optimal Control  Design 
This  Monograph d i s c u s s e s  a technique for t h e  design of minimum energy 
d i s c r e t e - d a t a  c o n t r o l  system. The “derived” m a t r i x  is used t o  determine a 
c o n t r o l  sequence t h a t  will t a k e  t h e  state of t h e  p l a n t  from some i n i t i a l  s t a t e  
t o  a d e s i r e d  f i n a l  s ta te  i n  N sampling p e r i o d s .  
weighted f u n c t i o n  of t h e  c o n t r o l  energy. 
The c o s t  f u n c t i o n  i s  a t i m e  
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V I I - 1  
APPENDIX V I 1  
ABSTRACTS OF VISUAL BRIEFS SELECTED 
General Guidance f o r  Use of Visual  Briefs 
3 .  Types of Information p o t e n t i a l l y  involved i n  each f i l m  
A. Useful  s u b j e c t  ma t t e r  i n  s e v e r a l  f i e l d s  
B. Demonstration of experimental  t echnique  
C .  I d e n t i f i c a t i o n  of d a t a  ga ther ing  means 
1. By ins t rumenta t ion  
2. Through v i s u a l  observa t ion  
11. Types of Groups where t h e  Visua l  Brief may be used 
A. Undergraduate coumes . 
B .  Graduate courses  
C .  Undergraduate seminars 
D .  Graduate seminars 
E. 
F. Student  o rgan iza t ions  
G. Non-technical groups 
Facul ty  - Technical D i 6 C U S S i O n  Groups 
111. Probable p repa ra t ion  needed before  use 
A .  
B. Prepare background information 
Read m a t e r i a l  accompany ng f i l m  - run fi lm 
C. 
D. 
I d e n t i f y  t h e  p o i n t s  of i n t e r e a t  and announce them be fo re  demonstrat ion 
Call a t t e n t i o n  t o  important po in t s  while  film is being p r o j e c t e d  
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Subjec t  Areas f o r  Se lec ted  Visual  Briefs 
I. Convection Heat Transfer Page 
VB-4 Bubble Dynamics f o r  Nucleate Boi l ing  i n  Reduced Gravi ty  
Source: NASA Lewis Research Center 
1 
VB-9 Pool Heating of Liquid Hydrogen Over a Range of Accelerations 1 
Source: NASA Lewis Research Center 
VB-12 Experimental  Observat ions of Trans ien t  Boiling in Subcooled Water 1 
and Alcohol 
Source: NASA Lewis Research Center 
VB-13 A Visual  Study of two phase flow in a Vertical Tube wi th  Heat Addition1 
Source : NASA L e w i s  Research Center 
VB-15 A Visual  Study of  Veloci ty  and Buoyancy E f f e c t s  on Boi l ing  Nitrogen 
Source : NASA L e w i s  Research Center 
2 
VB-27 Flammabili ty of Surfaces  i n  Zero Gravi ty  2 
Source: Manned Spacecraf t  Center 
11. Radia t ion  Heat Trans fe r  
VB-33 Sa turn  Radiat ion and Convection Base Heating 
Source: Marshall  Space F l i g h t  Center  
111. Gas Dynamics 
VB-17 Expansion Tube Hypersonic Test F a c i l i t y  
Source: NASA Langley Research Center 
I V .  Machine Design 
VB-2 Hydrodynamic Rota t ing  Shaf t  Sea ls  
Source: NASA L e w i s  Research Center 
VB-28 J o u r n a l  Bearings i n  Laminar and Turbulent  Regimes 
Source: NASA Lewis Research Center 
2 
3 
V. Reaction Kine t i c s  
VB-10 V i s u a l i z a t i o n  S tud ie s  of  Combustion I n s t a b i l i t y  i n  a Hydrogen-Oxygen 4 
Model Combustor 
Source: NASA L e w i s  Research Center 
VB-23 Hypergolic P rope l l an t  Research 
Source: NASA Lewis Research Center 
4 
V I I - 3  
V I .  Aircraft S t ruc tu res  
VB-1 Smoke Trail Wind Shear Measurements 
Source : NASA Langley Research Center 
VB-19 Experimental Research i n  Aerospace S t r u c t u r a l  Dynamics 
Source: NASA Langley Research Center 
VB-24 Spacecraft  Landing Dynamics 
Source : Manned Spacecraft  Center 
V I I .  Control Systems 
VB-8 Fl igh t  Measured Control Power and Damping Required for Vtol  
Airc ra f t  
Source: NASA Ames Research Center 
VB-11  Transonic Buffet ing of Hammerhead Launch Vehicles 
Source: NASA Ames Research Center 
VB-20 Magnetically Supported Superconducting Spher ica l  Gyro 
Source: J e t  Propulsion Laboratory 
VB-21 The Supersonic Transport i n  t h e  A i r  Traffic Control Syctem 







VIII. Mechanical Metallurgy 
VB-5 Polar ized Light Photography t o  Resolve Fatigue Cracked Zones i n  7 
Me tal8 
Source: The Boeing Company 
IX. Bioelec t ronics  
VB-31 Human Tolerance to  Acceleration 




Ti t le  : 
Number: VB-4 
Source : NASA L e w i s  Research Center 
Area: Convection Heat Trans fe r  T ime  Duration: 19  Minutes 
Bubble Dynamics for Nucleate Boiling i n  Reduced Gravi ty  
The formation and dynamic behavior of bubbles i n  n u c l e a t e  b o i l i n g  d i r e c t l y  
The effect  o f  g r a v i t y  on 
in f luence  h e a t  t r a n s f e r  rates and hence t h e  performance o f  b o i l e r s  
t r a n s f e r  systems i n  which b o i l i n g  condi t ions p r e v a i l ,  
bubble growth and d e p a r t u r e  c h a r a c t e r i s t i c s  is pronounced with some l i q u i d s ,  i nc lud ing  
water, and of l i t t l e  s i g n i f i c a n c e  with o the r s .  S t u d i e s  o f  bubble c h a r a c t e r i s t i c s  f o r  
d i f f e r e n t  f l u i d s  and f o r  d i f f e r e n t  g r a v i t a t i o n a l  f i e l d s  and temperature d i f f e r e n c e s  a t  
s a t u r a t i o n  are l e a d i n g  t o  an improved understanding of t h e  mechanism of h e a t  t r a n s f e r  
i n  n u c l e a t e  b o i l i n g .  
and o t h e r  h e a t  
T i t l e :  
Number: VB-9 
Source: NASA L e w i s  Research Center 
Area : Convection Heat Trans fe r  Time Duration: 9 Minutes 
Pool Heating of Liquid Hydrogen Over a Range of Acce le ra t ions  
S to rage  and handl ing of cryogenic f l u i d s  can create circumstances involving h i g h  
h e a t  t r a n s f e r  rates a t  b o i l i n g  o r  nea r  bo i l ing  c o n d i t i o n s .  Liquid hydrogen is less 
well understood i n  t h i s  regime than  are o t h e r  cryogenic  f l u i d s .  With an i n c r e a s i n g  
number of a p p l i c a t i o n s  of l i q u i d  hydrogen i n  view, recent i n v e s t i g a t i o n s  have explored 
h e a t  t r a n s f e r  phenomena i n  both t h e  s u b c r i t i c a l  and s u p e r c r i t i c a l  p re s su re  regimes,  
i nc lud ing  s u b c r i t i c a l  n u c l e a t e  and f i l m  b o i l i n g .  
sought of f i l m  b o i l i n g ,  s u p e r c r i t i c a l  heat ing,  and t h e  r o l e  of evaporat ion i h  t h e  
a t t a inmen t  of n u c l e a t e  b o i l i n g  high heat  t r a n s f e r  rates. 
Increased understanding hae been 
T i t l e :  
Number: VB-12 
Source : NASA Lewis Research Center 
Area : Convection Heat Trans fe r  Time Duration: 10 Minutes 
Experimental  Observations of Transient B o i l i n g  i n  Subcooled Water 
and Alcohol 
Information on t r a n s i e n t  hea t ing  t o  t h e  onse t  o f  b o i l i n g  i n  subcooled l i q u i d s  
has  been found t o  be important i n  t h e  design of certain hea t  exchange equipment. 
Very r a p i d  changes can occur  i n  t h e  r a t e  o f  h e a t  gene ra t ion  i n  n u c l e a r  r e a c t o r s  and 
r e g e n e r a t i v e l y  cooled r o c k e t  engine combustion chambers and n e a r l y  as r a p i d  tempera- 
t u r e  r ise  times can occur  i n  t h e  t h i n  walled s t r u c t u r e s  a s s o c i a t e d  with such equip- 
ment. The sha rp  rate o f  change i n  wall temperature and s t e e p  temperature g r a d i e n t s  
i n  t h e  l i q u i d  produce momentary hea t  t r a n s f e r  c o e f f i c i e n t s  m a t e r i a l l y  d i f f e r e n t  from 
those o f  e i t h e r  nuc lea t e  b o i l i n g  o r  ordinary convection hea t ing .  
of h e a t  t r a n s f e r  i n  t h i s  regime have proved t o  be q u i t e  u s e f u l  i n  c o n t r i b u t i n g  t o  an 
understanding o f  t h e  n u c l e a t e  b o i l i n g  process i t s e l f .  
Add i t iona l ly ,  s t u d i e b  
T i t l e :  
Number: VB-13 
Source: NASA L e w i s  Research Center  
At?ea: Convect ion Heat Trans fe r  T i m e  Duration: 14 Minutes 
A Visual  Study of Two Phase Flow i n  a Vertical Tube with Heat Addition 
Wide d i f f e r e n c e s  i n  hea t  t r a n s f e r  c o e f f i c i e n t s  p r e v a i l  i n  d i f f e r e n t  regimes o f  
k#a-phase flow i n  tubes.’  These along with flow dynamics problems, create a need for 
ktlotrledge of e f f e c t s  of h e a t  flux, flow v e l o c i t y ,  tube l e n g t h ,  and bubble n u c l e a t i o n  
VII-5 
and growth c h a r a c t e r i s t i c s .  While t h e r e  is a cons ide rab le  amount o f  work on t h i s  
s u b j e c t  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  most has been performed p r i m a r i l y  on a d i a b a t i c  
two-component flow ( l i q u i d  p l u s  g a s )  i n  simulation of t h e  b o i l i n g  cond i t ion .  Heat 
f l u x e s  s u f f i c i e n t  t o  produce S o i l i n g  c r e a t e  two phase fiow c h a r a c t e r i s t i c s  d i f f e r i n g  
from t h o s e  determined f o r  a d i a b a t i c  two-component flow. 
T i t l e :  
Number: VB-15 
Source: NASA L e w i s  Research Center 
Area: Convection Heat Trans fe r  Time Duration: 16  Minutes 
A Visual  Study of Veloci ty  and Buoyancy Effects on Bo i l ing  Nitrogen 
Di f f e rences  i n  t h e  a c c e l e r a t i o n  o f  g r a v i t y  have been shown t o  in f luence  bubble 
Effects i n  tube b o i l e r s ,  with t h e  t ubes  o r i e n t e d  v e r t i c a l l y ,  are most 
dynamics and b o i l i n g  hea t  t r a n s f e r  c h a r a c t e r i s t i c s  o f  both pool-type and tube-type 
b o i l e r s .  
pronounced a t  low flow v e l o c i t y  and with flow moving i n  a downward d i r e c t i o n .  
t h e s e  c o n d i t i o n s ,  vapor bubbles tend t o  rise i n  oppos i t i on  t o  t h e  d i r e c t i o n  of flow 
and t o  dwell  l onge r  n e a r  t h e  po in t  of t h e i r  o r i g i n .  Both n u c l e a t e  and f i l m  b o i l i n g  
h e a t  t r a n s f e r  rates are then a f f e c t e d  by the conges t ion  o f  vapor and i t s  r e s u l t i n g  
concen t r a t ion  a t  t h e  hot  s u r f a c e .  
because t h e  f l u i d  motion and t h e  g r a v i t y  f o r c e s  on t h e  vapor bubbles are both i n  t h e  
same d i r e c t i o n .  
Under 
Upward flow i n  t u b e s  produces no such e f f e c t  
T i t l e :  
Number: VB-27 
Source: NASA Manned Spacec ra f t  Center 
Area : Convection Heat T rans fe r  Time Duration: 1 0  Minutes 
Flammability o f  Su r faces  i n  Zero Gravi ty  
The use of pure oxygen f o r  l i f e  s u s t a i n i n g  purposes i n  manned s p a c e c r a f t  programs 
has  n a t u r a l l y  c r e a t e d  concern about f i r e  s a f e t y .  
Visual  Brief d e a l  p r i m a r i l y  wi th  flammabili ty under zero g r a v i t y  cond i t ion  of v a r i o u s  
subs t ances  much used i n  s p a c e c r a f t ,  and with p a r a f f i n ,  a simple hydrocarbon used as 
a "control ."  
of a m i l i t a r y - t y p e  C-131 a i r c ra f t  f l y i n g  Keplerian t r a j e c t o r i e s  and maintained f o r  
approximately 1 0  seconds f o r  each tes t .  
c o n d i t i o n s  are shown t o  be g r o s s l y  d i f f e r e n t  than under one g.  
ob ta ined  which w i l l  permit a b e t t e r  understanding o f  t h e  f i r e  hazard i n  space f l i g h t ;  
however, a d d i t i o n a l  i n v e s t i g a t i o n  is requ i r ed .  
The f i l m  and references o f  t h i s  
Zero g r a v i t y  s t a t e ,  t o  s imulate  space f l i g h t ,  was ob ta ined  through use 
Flame c h a r a c t e r i s t i c s  under ze ro  g r a v i t y  
Information was 
Ti t le :  
Number: VB-33 
Source: NASA Marshall Space F l i g h t  Center 
Area : Radiat ion Heat Trans fe r  Time Duration: 7 1 / 2  Minutes 
Sa tu rn  Radiat ion and Convection Base Heating 
The base region thermal environments of s t a g e s  with c l u s t e r e d  engines  p r e s e n t  a 
v a r i e t y  of eng ine /veh ic l e  i n t e r a c t i o n  problems. 
r e g i o n ,  i n c l u d i n g  t h e  r o c k e t  eng ines ,  depend f o r  s u r v i v a l  i n  t h e  r a d i a n t  and convect ive 
h e a t i n g  environment upon such dev ices  as p r o t e c t i v e  i n s u l a t i o n ,  s h i e l d i n g ,  a i r scoop ing ,  
and proper  d i s p o s a l  of t h e  f u e l - r i c h  tu rb ine  exhaust gases .  
s t a t e d  t h a t ,  a t  low a l t i t u d e ,  t h e  primary source o f  h e a t i n g  w i l l  normally be r a d i a t i o n .  
As a l t i t u d e  is  inc reased ,  convect ive heat ing i n c r e a s e s  i n  importance. D i f f e r e n t  
thermal  p r o t e c t i o n  concepts evolve for booster  and upper s t a g e s  due t o  t h e  d i f f e r e n c e s  
i n  ground a l t i t u d e ,  and high a l t i t u d e  hea t ing  mechanisms. 
Components and s t r u c t u r e s  i n  t h e  base 
I n  gene ra l  it can be 
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Ti t le :  Hypergolic P r o p e l l a n t  Research 
Number: 0 - 2 3  
Source : 
Area : Reaction K i n e t i c s  
NASA Manned Spacec ra f t  Center  
T h e  Duration: 11 Minutes 
The hype rgo l i c  and storable p r o p e r t i e s  of t h e  p r o p e l l a n t s  N 0, and hydrazine 
have made them a t t r a c t i v e  f o r  missile and space a p p l i c a t i o n s .  
of N204with members of t h e  hydrazine family appears  a c t u a l l y  t o  l ead  t o  a degradat ion 
of combustion e f f i c i e n c y  under some condi t ions.  
on i n j e c t o r s  and a l s o  t o  some s tudy  of means of varying p r o p e l l a n t  p r o p e r t i e s .  
f i l m  c o n t a i n s  e x c e r p t s  from t h r e e  experimental  i n v e s t i g a t i o n s  of t h e  behavior  of N 0 
and hydrazine under d i f f e r e n t  t e s t  cond i t ions ,  
T8e high r e a c t i v i t y  
This  has  l e d  t o  i n t e n s i v e  r e s e a r c h  
The 
2 4  
T i t l e :  
Number: VB-10 
Source: NASA L e w i s  Research Center  
Area : Reaction K i n e t i c s  Time Duration: 1 4  Minutes 
V i s u a l i z a t i o n  S t u d i e s  o f  Combustion I n s t a b i l i t y  i n  a Hydrogen-Oxygen 
Model Combustor 
High frequency ( a c o u s t i c )  modes of unstable  ope ra t ion  i n  r o c k e t  engine combustors 
have been e x t e n s i v e l y  s t u d i e d  t o  d e f i n e  the  parameters a f f e c t i n g  coupl ing between t h e  
a c o u s t i c  o s c i l l a t i o n s  and energy release from t h e  combustion p rocess .  Harmonic 
o s c i l l a t i o n s  i n  the  gas  v e l o c i t y ,  p re s su re  and d e n s i t y  modulate t h e  combustion energy 
release through c y c l i c  changes created i n  p r o p e l l a n t  i n j e c t i o n ,  a tomizat ion,  evapora- 
t i o n  and burning. 
a c o u s t i c  o s c i l l a t i o n s  have r ece ived  extensive a n a l y t i c a l  s tudy .  
of combustion processes  using high-speed photography is one method used t o  substan- 
t i a t e  and expand t h e  a n a l y t i c a l  d e s c r i p t i o n s  which model t h e  uns t ab le  combustor and 
can p r e s c r i b e  s t a b i l i t y  cr i ter ia .  
These p rocess  changes and t h e  coupl ing between energy release and 
Careful  observat ion 
T i t l e :  Smoke Trail Wind Shear Measurements 
Number: VB-1 
Source: NASA Langley Research Center 
Area: A i r c r a f t  S t r u c t u r e s  Time Duration: 9 1/2 Minutes 
The v a r i a t i o n  of h o r i z o n t a l  wind v e l o c i t y  with a l t i t u d e ,  e s p e c i a l l y  i n  t h e  
a l t i t u d e  range where maximum dynamic p res su res  occur ,  can have a major effect  on t h e  
f l i g h t  l o a d s  experienced by launch veh ic l e s .  
can a l s o  have an important e f f e c t  on t h e  output of s enso r s  which perform important 
f u n c t i o n s  i n  t h e  v e h i c l e  guidance and c o n t r o l  systems. 
The s t r u c t u r a l  d e f l e c t i o n s  which r e s u l t  
The s e v e r i t y  of t h e s e  effects depend t o  a l a r g e  degree on t h e  f ine  d e t a i l  of t h e  
wind p r o f i l e .  
p r o f i l e  can be obtained i n  g r e a t e r  d e t a i l  and with g r e a t e r  accuracy than  previous 
methods used, such as sounding ba l loons .  In  a d d i t i o n  t o  providing more a c c u r a t e  d a t a  
f o r  l o a d s  and dynamic response c a l c u l a t i o n s ,  r epea ted  measurements of t h e  f i n e  d e t a i l  
provide va luab le  d a t a  for t h e  s tudy of the s t a t i s t i c a l  n a t u r e  of t h e  phenomenon which, 
i n  t i m e ,  should provide a more fundamental understanding of i ts  causes. 
By means of t h e  r o c k e t  smoke t r a i l  method, measurements o f  t h e  wind 
- 
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Ti t le :  
Number: VB-17 
Area: Gas Dynamics Time Duration: 5 1/2 Minutes 
Expansion Tube Hypersonic Test  F a c i l i t y  
: Source: NASA Langley Research Center 
. A number of  experimental  l abo ra to ry  f a c i l i t i e s  have been developed, based on 
s e v e r a l  d i f f e r e n t  ope ra t ing  p r i n c i p l e s ,  t o  s imula te  t h e  r e e n t r y  environment of 
i n t e r p l a n e t a r y  s p a c e c r a f t .  
s imula t ion ,  e s p e c i a l l y  of  t h e  c r i t i c a l  hea t ing  po r t ion  of t h e  r e e n t r y  t r a j e c t o r y .  
The expansion tube ,  which i s  a device  u t i l i z i n g  both unsteady shock waves and 
expansion waves i n  i ts  ope ra t ing  cyc le ,  was conceived t o  provide t h e  improved 
performance and . t e s t i n g  c a p a b i l i t y  not  a v a i l a b l e  i n  e x i s t i n g  f ac i l i t i e s .  
Practical problems have prevented completely s a t i s f a c t o r y  
T i t l e :  
Number: VB-28 
Source: NASA L e w i s  Research Center  
Area: Machine Design Time Duration: 18  Minutes 
Jou rna l  Bearings i n  Laminar and Turbulent Regimes 
In  t h e  des ign  of  c e r t a i n  types  of turbomachinery f o r  space veh ic l e  a p p l i c a t i o n s ,  
it is d e s i r a b l e  o r  perhaps necessary  t o  use t h e  working f l u i d  f o r  bear ing  l u b r i c a t i o n  
and t o  ope ra t e  a t  high r o t a t i o n a l  speeds.  
Reynolds Numbers i n  t h e  bear ings  h igher  than c r i t i c a l ,  so  t h a t  laminar  flow; which 
o r d i n a r i l y  i s  p resen t  i n  convent ional  bear ings  l u b r i c a t e d  by high v i s c o s i t y  oils, 
does not  e x i s t .  The r e sea rch  which i s  t h e  s u b j e c t  of  t h i s  Brief is a t h e o r e t i c a l  and 
experimental  i n v e s t i g a t i o n  o f  t h e  dynamic p r o p e r t i e s  and f l u i d  f i l m  phenomena i n  
jou rna l  bear ings  ope ra t ing  i n  t h i s  non-laminar flow reg ion .  
and ope ra t ing  cond i t ions ,  t h e  t r a n s i t i o n  from laminar flow occurs  a t  d i f f e r e n t  Reynolds 
Numbers and t h e  r e s u l t s  i n  e i t h e r  a vor tex  flow o r  a t u r b u l e n t  flow. The v i s u a l  a i d  
con ta ins  motion p i c t u r e s  o f  tes ts  i n  a device developed t o  provide a f low-v i sua l i za t ion  
of t h e  f l u i d  phenomena wi th in  a jou rna l  bear ing  over  t h e  r e l e v a n t  range of  Reynolds 
Numbers, l u b r i c a n t  v i s c o s i t i e s  and s h a f t  and bear ing  e c c e n t r i c i t i e s .  These p i c t u r e s  
p l u s  the  d a t a  presented  i n  t h e  r e fe rence  r e p o r t s  provide new understanding of  bear ing  
performance i n  t h e  non-laminar ope ra t ing  region.  
These cond i t ions  r e s u l t  i n  f l u i d  flow 
Depending on t h e  geometry 
T i t l e :  Hydrodynamic Rota t ing  Sha f t  Sea l s  
Number: VB-2 
Source: NASA Lewis Research Center 
Area: Machine Design Time Duration: 1 4  Minutes 
Long l i f e d  hydrodynamic seals employ l i q u i d  v iscous  and c e n t r i f u g a l  f o r c e s  t o  
e s t a b l i s h  a l iqu id-vapor  o r  l iqu id-gas  i n t e r f a c e ,  o f t e n  i n  t h e  presence o f . cons ide rab le  
design p r e s s u r e  drop ac ross  t h e  s e a l .  
fo rce  t o  maintain a l iquid-vapor  i n t e r f a c e  r a d i a l l y  around t h e  face of a d i sk  normal 
t o  a s h a f t .  
e i t h e r  a s h a f t  o r  i ts  concen t r i c  housing t o  develop a p res su re  drop a x i a l l y  a long t h e  
s e a l  and a s t a b l e  l iqu id-vapor  o r  l iqu id-gas  i n t e r f a c e .  
demonstrated i n  t h e  f i l m .  
Sl inger- type hydrodynamic seals use c e n t r i f u g a l  
Viscosea ls  use l i q u i d  v iscous  f o r c e s  generated by h e l i c a l  grooves i n  
Both types  of s e a l s  are 
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Tit l e  : 
Number: 
Source : 
Are a : 
Experimental  Research i n  Aerospace S t r u c t u r a l  Dynamics 
NASA Langley Research Center 
A i r c r a f t  S t r u c t u r e s  Time Duration: 16  1 / 2  Minutes 
VB-19 
The complexity o f  l a r g e  aerospace s t r u c t u r e s  and t h e  d i f f i c u l t y  of  de f in ing  
exac t ly  the  environment i n  which they opera te  and t h e  c r i t i c a l  loads  t o  which they  
a r e  exposed makes it d i f f i c u l t ,  i f  no t  impossible ,  t o  handle  des ign  problems and 
s t r u c t u r a l  a n a l y s i s  with s u f f i c i e n t  accuracy on a t h e o r e t i c a l  b a s i s ,  e s p e c i a l l y  
under dynamic cond i t ions .  Therefore ,  experimental  techniques are essent ia l  f o r  
producing r e l i a b l e ,  e f f i c i e n t  and l igh tweight  aerospace s t ructures .  The use of 
dynamically similar models, s ca l ed  properly e l a s t i c a l l y ,  aerodynamically and 
i n e r t i a l l y ,  is  a p a r t i c u l a r l y  u s e f u l  experimental  t o o l  i n  s t r u c t u r a l  dynamics and 
i s  the  subject of  t h i s  B r i e f .  The motion p i c t u r e  v i s u a l  a i d  g ives  an overview 
of t he  va r ious  d i f f e r e n t  veh ic l e s  and s t r u c t u r a l  dynamics problems which have been 
handled s a t i s f a c t o r i l y  by t h i s  technique.  The r e fe rences ,  t oge the r  wi th  t h e  
r e p o r t s  c i t e d  t h e r e i n ,  provide a d e t a i l e d  t e c h n i c a l  t rea tment  of s t r u c t u r a l  dynamics 
and exper imenta l  model techniques ,  with emphasis on r e c e n t  NASA work r e l a t e d  t o  
l a r g e  launch veh ic l e  s t r u c t u r e s .  
T i t l e :  Spacecraf t  Landing Dynamics 
Number: VB-24 
Source: NASA Manned Spacecraf t  Center  
Area : Aircraft S t r u c t u r e s  T i m e  Duration: 4 Minutes 
Landing systems f o r  manned spacec ra f t  mus t  be designed t o  l i m i t  l anding  impact 
below l e v e l s  t h a t  exceed human acce le ra t ion - to l e rance  l e v e l s ,  and must n o t  add 
excess ive  weight t o  t h e  s p a c e c r a f t .  
t h e  many i n t e r a c t i n g  f a c t o r s  i n  an a n a l y s i s  of  veh ic l e  landing dynamics, experimental  
t echniques  are usua l ly  necessary  t o  v e r i f y  t h e  a n a l y s i s  and r e f i n e  t h e  design.  An 
exper imenta l  technique,  which has  provided much u s e f u l  d a t a ,  i s  t h e  u t i l i z a t i o n  of  
dynamic models which a r e  s c a l e d  so t h a t  t he  motions and f o r c e s  can be a c c u r a t e l y  
i n t e r p r e t e d  i n  terms of  t h e  f u l l - s c a l e  vehic le .  
Since it is d i f f i c u l t  t o  handle  completely 
This Brief summarizes a number of these s t u d i e s .  Vehicle conf igu ra t ions  
included a r e  parachute  and p a r a g l i d e r  supported b a l l i s t i c  bodies ,  l i f t i n g  bodies  
and luna r  landing  veh ic l e s .  Both water and land impacts i n  e a r t h  g r a v i t a t i o n  i n  
a d d i t i o n  t o  impacts i n  t h e  reduced lunar g r a v i t a t i o n  are included i n  t h e  s t u d i e s .  
Among t h e  va r ious  impact a t t e n u a t i o n  devices  s t u d i e d  are hydrau l i c  s t r u t s ,  material 
deformation systems (c rushable  honeycomb and s t r a in  s t r a p s ) ,  and landing  rockets. 
In  c e r t a i n  of t h e  s t u d i e s ,  d a t a  from model t e s t s  and full-scale tests are compared. 
T i t l e :  
Number: VB-8 
Source: NASA A m e s  Research Center  
Area : Contro l  Systems Time Duration: 6 Minutes 
F l i g h t  Measured Control  Power and Damping Required f o r  Vtol  A i r c r a f t  
The c a p a b i l i t y  of VTOL a i r c r a f t  of f u l f i l l i n g  a more widespread t r a n s p o r t a t i o n  
r o i e  is dependent on a number of  economic a n d * t e c h n i c a l  f a c t o r s .  Considerable  e f f o r t  
has  been expended i n  t h e  f i e l d  of s t a b i l i t y ,  c o n t r o l  and handl ing q u a l i t i e s  i n  r ecen t  
yea r s .  
s t a b i l i t y  and c o n t r o l  r e sea rch  a i r c r a f t ,  a r e sea rch  method o r i g i n a l l y  developed and 
used s u c c e s s f u l l y  on convent ional  a i r c r a f t ,  has  been of va lue  a l s o  f o r  VTOL types .  
With t h i s  technique ,  i n v e s t i g a t i o n s  of  a g e n e r a l  na tu re  i n t o  t h e s e  f a c t o r s  can be  
c a r r i e d  ou t  by varying t h e  s t a b i l i t y  and c o n t r o l  parameters  over  a wide range,  or 
The technique of i n v e s t i g a t i n g  these  f a c t o r s  i n  f l i g h t  us ing  a v a r i a b l e  
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t h e  p a r t i c u l a r  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  of a s p e c i f i c  v e h i c l e  o r  pro- 
posed design can be s imulated.  
o r d i n a r i l y  p re sen ted  i n  terms of p i l o t s  opinions,  expressed i n  terms of some accepted 
r a t i n g  system such as t h e  Cooper scale. 
The results of t h e  handl ing q u a l i t i e s  e v a l u a t i o n . a r e  
,- 
T i t l e :  
Number: VB-11 
Source: NASA Ames Research Center 
Are a : Control  Systems Time Duration: 8 Minutes 
Transonic Buf fe t ing  of Hammerhead Launch Vehicles 
In  o r d e r  t o  adapt c e r t a i n  l a r g e  diameter payloads t o  e x i s t i n g  launch v e h i c l e s ,  
hammerhead aerodynamic shrouds have been designed t o  accommodate t h e  payload and 
match t h e  smaller diameter f i n a l  s t a g e  of t h e  launch v e h i c l e .  During t h e  launch 
t r a j e c t o r y ,  as t h e  v e h i c l e  a c c e l e r a t e s  through .the t r a n s o n i c  speed range,  it can 
be sub jec t ed  t o  l a r g e  s t r u c t u r a l  loads depending on i t s  dynamic response t o  t h e  
t r a n s o n i c  b u f f e t i n g .  I t  has  been found t h a t  c e r t a i n  of t h e  hammerhead c o n f i g u r a t i o n s ,  
having p a r t i c u l a r  combinations of nose shape and b o a t t a i l  a n g l e ,  can experience 
f l u c t u a t i n g  loads  under t h e s e  cond i t ions  seve re  enough t o  cause c a t a s t r o p h i c  f a i l u r e .  
F o r  r e s e a r c h  i n t o  problems of t h i s  na tu re ,  a p a r t i c u l a r l y  u s e f u l  experimental  
technique i s  t h e  t e s t i n g  i n  a t r a n s o n i c  wind t u n n e l  of models which are p rope r ly  
s c a l e d  both aerodynamically and s t r u c t u r a l l y .  
T i t l e :  
Number: VB-20 
Source: Je t  Propuls ion l a b o r a t o r y  
Magnetically Supported Superconducting S p h e r i c a l  Gyro 
Time Duration: 4 Minutes . Area: Control  Systems 
For long du ra t ion  space f l i g h t s ,  r e l i a b l e ,  high performance gyros are r e q u i r e d  
f o r  a t t i t u d e  r e fe rence .  
very low d r i f t  r a tes  are d e s i r a b l e ,  which, of course,  is a l s o  of importance i n  
a p p l i c a t i o n s  o t h e r  than f o r  space f l i g h t .  For t h e s e  r easons  r e sea rch  has  been 
c a r r i e d  ou t  i n  advanced gyro techniques i n  r e c e n t  y e a r s .  One approach t h a t  shows 
promise is t h e  magnet ical ly  supported superconducting s p h e r i c a l  gyro. The s p h e r i c a l  
r o t o r  c o n f i g u r a t i o n  has t h e  advantage o f  a l l - a t t i t u d e  c a p a b i l i t y .  The use of 
superconducting materials has t h e  advantage of low, i f  not  ze ro ,  power consumption. 
I n  a d d i t i o n  t o  t h e  r educ t ion  of t h e  f r i c t i o n a l  l o s s e s  t o  a minimum, t h e  magnet ical ly  
suspended, superconducting conf igu ra t ion  promises c e r t a i n  suspension s t a b i l i t y  
advantages,  as we l l .  
To avoid t h e  n e c e s s i t y  of f r equen t  r e s e t t i n g  o r  compensation, 
This Brief i s  predominantly concerned with the  fundamentals r e l a t e d  t o  t h e  
suspension,  o r  l e v i t a t i o n ,  o f  s p h e r i c a l  superconducting r o t o r s  and t h e  a n a l y s i s  o f  
t h e  s t a b i l i t y  of t h e s e  conf igu ra t ions  i n  t h e  presence of va r ious  d i s tu rbances .  The 
advanced t h e o r e t i c a l  techniques used i n  the a n a l y s i s  involve t h e  cons ide ra t ion  of 
t he  supe rconduc t iv i ty  phenomenon, t h e  electromagnet ic  i n t e r a c t i o n s  and r h e  i n e r t i a l  
c h a r a c t e r i s t i c s  s imultaneously.  
. T i t l e :  The Supersonic Transport  i n  t he  Air Traffic Control  System 
Number: VB-21 
Source : N A S A  Langley Research Center 
Area : Control  Systems T i m e  Duration: 1 8  Minutes 
Because of the,magnitude of t h e  program, among o t h e r  r easons ,  t h e  Federal  
Government has  p a r t i c i p a t e d  t o  a g r e a t e r  e x t e n t  i n  t h e  Supersonic Transport  (SST) 
